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Resumo 

Introdução: As plantas medicinais têm vindo a ser reconhecidas e utilizadas ao longo 

da história da humanidade pelos seus efeitos terapêuticos e curativos. Estas plantas conseguem 

sintetizar uma grande variedade de fitoquímicos biologicamente ativos, dos quais se podem 

destacar os compostos fenólicos. Visto que estes constituintes têm sido intimamente associa-

dos a propriedades benéficas para a saúde, um crescente interesse tem-lhes sido prestado por 

parte de vários investigadores. Dentro dos diferentes benefícios atribuídos aos compostos 

fenólicos, podem destacar-se as atividades antioxidantes e anti-inflamatórias. De acordo com 

o que tem vindo a ser descrito, estes compostos conseguem atenuar os efeitos negativos em 

condições de stress oxidativo através de mecanismos de sequestro de diferentes espécies 

reativas e atividade quelante de metais pesados, bem como intensificação da atividade de várias 

enzimas antioxidantes endógenas tais como a superóxido dismutase (SOD), glutationa pero-

xidase (GSH-px) e a catalase (CAT), ou ainda inibindo vias de sinalização pró-inflamatórias que 

incluem o óxido nítrico (NO●), oxido nítrico sintase induzível (iNOS), cicloxigenase-2 (COX-

2), lipoxigenase (LOX) e fator nuclear-κB (NF-κB).  

Eriocephalus africanus e Geranium robertianum são duas espécies de plantas que têm sido 

muito utilizadas na medicina tradicional devido às suas aclamadas propriedades benéficas. 

Como tal, neste trabalho pretendeu-se avaliar as suas capacidades antioxidantes e anti-infla-

matórias, com o intuito de perceber se existe potencial para que estas plantas possam vir a 

ser exploradas com fins terapêuticos ou como formulações para nutracêuticos. 

Métodos: As propriedades antioxidantes dos extratos hidroetanólicos das folhas e cau-

les de Eriocephalus africanus (EAL e EAS, respetivamente) e Geranium robertianum (GRL e GRS, 

respetivamente) foram avaliadas pelos métodos DPPH●, ABTS●+, OH●, NO●, TBARS, FRAP e 

ORAC. Uma vez que estes produtos podem vir a ser integrados na dieta humana, possíveis 

efeitos citotóxicos foram avaliados em linhas celulares de hepatócitos. Para a análise das pro-

priedades anti-inflamatórias dos extratos, testaram-se as amostras investigando os seus efeitos 

inibidores da atividade da 5-LOX, através da medição espectrofotométrica da taxa de oxidação 

do linoleato, e produção de NO● pelos macrófagos RAW 264.7 usando o método de Griess. 

A concentração de amostra que revelou uma melhor inibição dos níveis de nitritos foi também 

testada no que diz respeito aos seus efeitos sobre as enzimas ativadas durante a inflamação, 

nomeadamente iNOS e COX-2, através do método de Western blot recorrendo a anticorpos 

específicos. A identificação e quantificação dos compostos fenólicos de cada extrato foram 

conseguidas recorrendo ao método de Folin-Ciocalteu e através da análise por HPLC-DAD-

ESI/MSn, respetivamente. 
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Resultados: A atividade antioxidante mais promissora foi registada para o extrato GRL, 

tendo obtido os menores valores de IC50 para quase todos os ensaios (7.6±0.6, 3.9±0.6, 

45.1±2.4, 20.0±0.9, 115.8±16.1 and 63.3±5.4 μg/mL para DPPH●, ABTS●+, OH●, NO●, TBARS 

e FRAP, respetivamente). Verificou-se uma exceção no método ORAC no qual o extrato EAS 

demonstrou possuir o dobro do poder antioxidante das restantes amostras (4.01±0.3 μM ET). 

Numa perspetiva geral, a segunda amostra mais promissora foi o extrato GRS seguido do 

extrato EAS. Globalmente, o extrato EAL foi o que obteve resultados menos promissores, e 

por isso foi excluído das análises posteriores. Nenhum dos extratos de G. robertianum e EAS 

revelou hepatotoxicidade sugerindo que as concentrações usadas (25 – 100 e 50 – 200 μg/mL, 

respetivamente) são inócuas. Na concentração de 75 µg/mL, ambos os extratos de G. roberti-

anum inibiram aproximadamente 65% da atividade da 5-LOX enquanto o extrato EAS demons-

trou uma inibição inferior (30%) para a mesma concentração. Mais ainda, este último extrato 

não revelou efeito na produção de nitritos em macrófagos estimulados com LPS para concen-

trações de 50 – 200 µg/mL. Por outro lado, ambos os extratos de G. robertianum, numa con-

centração de 100 µg/mL, demonstraram efeito inibidor na produção de NO● por parte dos 

macrófagos estimulados com LPS. No entanto, para esta mesma concentração verificou-se um 

decréscimo da viabilidade nas células tratadas com o extrato GRL, pelo que apenas o extrato 

GRS foi sujeito à análise por Western blot. No entanto, os dados recolhidos permitiram con-

cluir que o extrato GRS (a 100 µg/mL) não causou inibição significativa nos níveis de iNOS ou 

COX-2. 

Adicionalmente, a quantificação do teor total de compostos fenólicos de todos os qua-

tro extratos revelou que a amostra com maior abundância destes compostos foi o extrato 

GRL (462 mg EAG/g de matéria seca), seguido pelos extratos EAS>GRS=EAL. Apesar das 

ligeiras variações nas intensidades dos picos, os perfis cromatográficos entre extratos da 

mesma planta revelaram-se semelhantes. Os extratos de E. africanus são particularmente ricos 

em ácidos clorogénicos e seus derivados, sendo que os dois maiores picos de ambos os ex-

tratos desta planta correspondem aos ácidos 3-cafeioilquínico e 3,5-dicaffeioilquínico. Um ter-

ceiro pico demonstrou-se relevante apenas no extrato EAL, tendo sido identificado como 

eriodictiol-hexuronídeo. Outros compostos minoritários foram também identificados nestes 

extratos, nomeadamente derivados de hesperetina, eriodictiol, ácidos cafeico, ferúlico e pro-

tocatecuico. Por outro lado, os extratos de G. robertianum revelaram-se mais enriquecidos em 

derivados de ácido elágico e gálico. Os três maiores picos destes extratos corresponderam a 

ácido carboxílico de brevifolina, ácido elágico e galoil-HHDP-hexosídeo. O ácido cafeioilquí-

nico também foi detetado nos extratos de G. robertianum, bem como o ácido 3,4-dihidroxife-

nilacético, embora tenham sido considerados como compostos minoritários. 
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Conclusões: Globalmente, os extratos de ambas as plantas E. africanus and G. robertianum 

exibiram boas propriedades antioxidantes, sendo que o extrato de GRL demonstrou ser o 

mais promissor entre os quatro, provavelmente pelo seu teor mais elevado em compostos 

fenólicos. Além disso, apenas os extratos de G. robertianum, particularmente o extrato GRS, 

revelaram uma significativa capacidade inibidora da produção de nitritos pelos macrófagos 

RAW 264.7. Esta inibição não foi no entanto acompanhada pela diminuição nos níveis intrace-

lulares de iNOS e/ou COX-2, presumindo-se assim que as propriedades anti-inflamatórias 

deste extrato são resultado apenas dos seus mecanismos de sequestro de radicais que são 

produzidos durante a inflamação. 

Palavras chave: Plantas medicinais, nutracêutivos, Eriocephalus africanus, Geranium ro-

bertianum, stress oxidativo, inflamação, compostos fenólicos, ácido elágico, ácido gálico, ácido 

clorogénico  
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Abstract 

Introduction: Medicinal plants have been identified and used throughout human history 

because of their therapeutic and healing effects. These plants can synthesize a wide variety of 

biological active phytochemicals from which phenolic compounds can be distinguished. Be-

cause these compounds have been closely associated with health promoting effects, they have 

drawn researchers increasing attention. Among the various health benefits attributed to the 

phenolic compounds, their antioxidant and anti-inflammatory properties have gathered partic-

ular interest. It has been described that they can effectively attenuate the oxidative stress 

imbalance through the scavenging of different reactive species and heavy metal chelating mech-

anisms, as well as enhancing the endogenous antioxidant enzymes including superoxide dis-

mutase (SOD), glutathione peroxidade (GSH-px), and catalase (CAT), or inhibiting pro-inflam-

matory signaling pathways and mediators including nitric oxide (NO●), inducible nitric oxide 

synthase (iNOS), cyclooxygenase-2 (COX-2), lipoxygenase (LOX) and nuclear factor- κB (NF-

κB).  

Eriocephalus africanus and Geranium robertianum are two plant species that have been 

long used in traditional medicine due to their claimed beneficial properties. Therefore, this 

work intended to evaluate the safety profile of the hydroethanolic extracts obtained from 

Eriocephalus africanus and Geranium robertianum to human cells, their antioxidant and anti-in-

flammatory abilities, and to disclose the mechanism of action behind its bioactivity in order to 

understand if there is potential to exploit these plants for putative therapeutic uses or 

nutraceutical formulations. 

Methods: The antioxidant properties of the hydroethanolic extracts from leaves and 

stems of Eriocephalus africanus (EAL and EAS, repectively) and Geranium robertianum (GRL and 

GRS, respectively) were evaluated through DPPH●, ABTS●+, OH●, NO●, TBARS, FRAP and 

ORAC assays. Since these products can be used in human diet, possible cytotoxic effects on 

hepatocytes were also evaluated. To analyze the anti-inflammatory potential of the extracts, 

samples were tested for their ability to inhibit 5-LOX activity, through the spectrophotometric 

measurement of the rate of linoleate oxidation, and the NO● release by macrophages, through 

the Griess method. The sample conditions that revealed inhibition of the NO● levels were also 

evaluated with regard to effects on the levels of intracellular enzymes triggered during inflam-

mation, namely iNOS and COX-2, through Western blot using specific antibodies. Quantifi-

cation and identification of the phenolic compounds of each extract were also achieved 

through Folin-Ciocalteu and HPLC-MSn analysis, respectively. 
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Results: The most promising antioxidant activity was registered for the GRL extract, 

which had the lowest IC50 values for almost every tests (7.6±0.6, 3.9±0.6, 45.1±2.4, 20.0±0.9, 

115.8±16.1 and 63.3±5.4 μg/mL for DPPH●, ABTS●+, OH●, NO●, TBARS and FRAP assays, 

respectively). The only exception was in ORAC assay where the EAS extract has shown twice 

the antioxidant power of the remaining samples (4.01±0.3 μM TE). From a general perspective, 

the second most promising sample was the GRS extract followed by the EAS extract. Overall, 

EAL extract was the less promising extract, and therefore it was excluded from the subsequent 

studies. No hepatotoxic effects were noted for both G. robertianum and EAS extracts, suggest-

ing that they are safe for the concentrations used (25 – 100 and 50 – 200 μg/mL, respectively). 

Both G. robertianum extracts at 75 µg/mL inhibited approximately 65 % the 5-LOX activity, 

while a moderate inhibition (30%) was noted for the EAS extract at the same concentration. 

Moreover, no effects on the NO● release by LPS-activated macrophages were evidenced for 

the latter extract, up to the concentrations 50 – 200 µg/mL. On the other hand, both G. 

robertianum extracts inhibited NO● release evoked by LPS-stimulated macrophages for the 

highest concentrations tested (100 µg/mL). Despite this, in GRL-treated cells, this concentra-

tion was also responsible for the decrease of their viability and therefore only GRS extract 

was submitted to Western blot analysis. The gathered results allowed to observe however, 

that the treatment of LPS-stimulated RAW 264.7 with 100 µg/mL of GRS extract did not 

induce significant inhibition of iNOS or COX-2.  

Additionally, the total phenolic quantification of the four extracts revealed that the 

most phenolic-enriched sample was the GRL extract (462 mg GAE/g of dry material), followed 

by EAS>GRS=EAL. Despite the slight variances in the peak intensities, the chromatographic 

profile between the extracts from the same plants were similar. E. africanus extracts were 

particularly rich in chlorogenic acid derivatives. The two main peaks identified in both samples 

correspond to 3-caffeoylquinic and 3,5-dicaffeoylquinic acids. A third relevant peak was also 

found in the EAL extract and was identified as eriodictyol-hexuronide. Other minor com-

pounds namely hesperetin, eriodictyol caffeoyl, ferulic and protocatechuic derivatives have 

been identified as well. On the other hand G. robertianum extracts were more abundant in 

ellagic and gallic acid derivatives. The three main peaks disclosed correspond to brevifolin 

carboxilic acid, ellagic acid and galloyl-HHDP-hexoside. Caffeoylquinic acid was also present in 

these samples alongside with 3,4-dihydroxyphenylacetic acid, which have only been detected 

as minor compounds. 

Conclusion: Overall, both E. africanus and G. robertianum exhibited good antioxidant 

properties, but GRL extract was shown to be more effective than the others probably due to 

its higher content in phenolics. Moreover, only G. robertianum extracts, in particularly GRS 
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have exerted significant inhibition of NO● production, but since no ingibitory effects have been 

observed in the levels of intracellular iNOS and COX-2, it is suggested that this extract may 

exert its anti-inflammatory abilities through the scavenging of the reactive species generated 

during inflammation.  

Keywords: Medicinal plants, nutraceuticals, Eriocephalus africanus, Geranium roberti-

anum, oxidative stress, inflammation, phenolic compounds, ellagic acid, gallic acid, chlorogenic 

acid  
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1 INTRODUCTION 

1.1 Medicinal plants 

For a long time, medicinal plants have been used in traditional medicine with therapeutic 

purposes being recognized since ancient times for their healing effects. Indeed, natural prod-

ucts form a library of bioactive compounds that humankind has been using for the treatment 

of several pathologies. Approximately 66% of the new small-molecules and chemical entities 

introduced as drugs worldwide from 1981 to 2010 were derived from natural products. More 

than twenty three new drugs derived from natural sources have been launched on the market 

after 2000 and were approved for the treatment of cancer, neurological, infectious, cardiovas-

cular, metabolic, immunological and inflammatory diseases (Cragg & Newman, 2013).  

Towards the end of 20th century, epidemiological studies and associated meta-analyses 

strongly suggested that long term consumption of plants offered some health benefits including 

anti-allergic, anti-hypertensive, antimicrobial, antioxidant, anti-inflammatory, anti-cancer, anti-

diabetes, anti-aging, cardio-protective and neuro-protective effects, thus suggesting that they 

may play an important role in the maintenance of the human health (Pandey & Rizvi, 2009). 

Since then, plant phytochemicals have increasingly attracted much scientific interest, and many 

in vitro and in vivo studies have described their extensive biological properties, highlighting their 

potential to be used with therapeutic purposes   (Pereira et al., 2009; Puupponen-Pimiä et al., 

2001). 

1.2 Phenolic compounds 

Among the extensive number of the existent phytochemicals, phenolic compounds (also 

known as phenolics or polyphenols) are the ones most ubiquitously distributed throughout 

the plant kingdom. In fact, this is the biggest group of phytochemicals, with more than 8,000 

identified compounds (Seeram, 2010). 

All polyphenols arise from phenylalanine through the phenylpropanoid pathway or from 

a close precursor, shikimic acid, constituting an important group of secondary metabolites 

which can be found in the vacuoles of flowers, leaves, stems and roots of both edible and non-

edible plants (Ferreyra, Rius & Casati, 2012; Pandey & Rizvi, 2009). They serve vital roles in 

plants physiology, which include the response to abiotic stress conditions such as rainfall and 

ultraviolet light radiation, regulation of cell functions, reproduction and survival. (Daglia, 2012). 

Moreover, they can act either as attractants or repellants and/or cytotoxic agents, drawing 
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pollinators and symbionts, while deterring herbivores and pathogenic microorganisms (Dixon 

& Pasinetti, 2010).  

Inevitably, since polyphenols are abundant in vegetables, fruits, nuts, seeds and conse-

quent plant origin foods and beverages (e.g. tea, wine, olive oil and many others), they are 

deeply integrated in human daily diet (Catarino et al., 2014). In fact, they are very important 

elements that contribute for the food quality, organoleptic and nutritional properties (Gharras, 

2009). It is estimated that the average intake of total polyphenols is around 1 g/day, with 

flavonoids accounting for two thirds of this value and phenolic acids contributing for the re-

maining one third (Scalbert & Williamson, 2000). However, these values were suggested to be 

slightly underestimated due to insufficient data on the polyphenol content of foods (proantho-

cyanidins and thearubigins) (Lamport et al., 2012). Table 1 describes the polyphenol content 

in some selected foods present in human daily diet.  

When compared to pharmaceutical drugs, these metabolites have low potency as bio-

active compounds, but since they are ingested regularly and in significant amounts as part of 

our diet, they may have a noticeable long-term physiological effect (Cilla et al., 2013).  

Because of that, in the past few years, new non-food products containing food extracts 

or phytochemical-enriched extracts to which a beneficial physiological function has been di-

rectly attributed have been created and commercialized in the form of pharmaceutical prod-

ucts, i.e., pills, capsules, solutions, gels, liquors, powders, granulates, etc. However, since these 

products cannot be truly classified as “food” and they are not pharmaceutical drugs either, a 

new hybrid term between nutrients and pharmaceuticals have emerged: “nutraceuticals”. De-

spite the term still does not possess a clear definition, it is generally accepted as “diet supple-

ments that deliver a concentrated form of a presumed bioactive agent from a food, presented 

in a non-food matrix, and used with the purpose of enhancing health in dosages that exceed 

those that could be obtained from normal foods” (Ansorena et al., 2013). Ginkgo biloba, gin-

seng, ginger, milk thistle, soya, St. John’s wort and valerian are well known examples of plants 

that are frequently used in different food supplements to enhance immunity, act as anti-inflam-

matory, anticancer, antidepressant and for the treatment of many disorders.  
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TABLE 1 – Polyphenols content in some common foods and their estimated daily intake* 

 
Food source 

Polyphenol content 
(mg/kg fresh wt or mg/L) 

Estimated daily intake 
(mg/day) 

Flavonols: 

Quercetin 

Kaempferol 

Myricetin 

Yellow onion 

Curly kale 

Leek 

Cherry tomato 

Broccoli 

Blueberry 

Black currant 

Apricot 

Apple 

Beans, green or white 

Black grape 

350-1200 

300-600 

30-225 

15-200 

40-100 

30-160 

30-70 

25-50 

20-40 

10-50 

15-40 

13 

Flavones: 

Apigenin 

Luteolin 

Parsley 

Celery 

Capsicum pepper 

240-1850 

20-140 

5-10 

1.6 

Flavanones: 

Hesperetin 

Naringenin 

Eriodictyol 

Orange juice 

Grape fruit juice 

Lemon juice 

215-685 

100-650 

50-300 
14.4 

Isoflavones 

Daidzein 

Genistein 

Glycitein 

Soy flour 

Soybeans, boiled 

Miso 

Tofu 

Tempeh 

Soy milk 

800-1800 

200-900 

250-900 

80-700 

430-530 

30-175 

USA/Netherlands: 1.2 

Asia: 25-50 

Monomeric flavonols: 

Catechin 

Epicatechin 

Chocolate 

Green tea 

Beans 

Apricot 

Cherry 

Grape 

Peach 

Blackberry 

Apple 

Black tea 

Red wine 

460-610 

100-800 

350-530 

100-250 

50-220 

30-175 

50-140 

130 

20-120 

60-500 

80-300 

156 

Anthocyanins: 

Cyanidin 

Pelargonidin 

Peonidin 

Delphinidin 

Malvidin 

Aubergine 

Blackberry 

Black currant 

Blueberry 

Black grape 

Cherry 

Rhubarb 

Strawberry 

Red wine 

Plum 

Red cabbage 

7500 

1000-4000 

1300-4000 

250-5000 

300-7500 

350-4500 

2000 

150-750 

200-350 

20-250 

250 

3.1 

Phenolic acids: 

Protocatechuic acid 

Gallic acid 

p-hydroxybenzoic acid 

Blackberry 

Raspberry 

Black currant 

Strawberry 

80-270 

60-100 

40-130 

20-90 

 

Hydroxycinnamic acids: 

Caffeic acid 

Chlorogenic acid 

Coumaric acid 

Ferulic acid 

Sinapic acid 

Blueberry 

Kiwi 

Cherry 

Plum 

Aubergine 

Apple 

Pear 

Chicory 

Artichoke 

Potato 

Corn flour 
Flour: wheat, rice, oat 

Cider 

Coffee 

2000-2200 

600-1000 

180-1150 

140-1150 

600-660 

50-600 

15-600 

200-500 

450 

100-190 

310 
70-90 

10-500 

350-1750 

Non coffee drinkers: 

< 25  

Coffee drinkers: 

500 – 800 

*(adapted from Made, van der & Mensink, 2015 and Manach et al., 2004) 
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Notably, polyphenols are frequently present as main ingredients in these supplements 

and some of the most commonly found in the nutraceutical market are anthocyanins, proan-

thocyanidins, flavonols, stilbenes, hydroxycinnamates, coumarins, ellagic acid and ellagitannins, 

isoflavones, lignans, etc. (Cilla et al., 2013). As observable in the figure 1, during the last decade, 

an average of 207 of new patents related to nutraceuticals containing polyphenols have been 

registered per year.  

 

FIGURE 1 – Number patents registered in the 2005 - 2015 period by simple search in WIPO using the 

keywords "Polyphenols" and “Food Supplement” 

1.2.1 Polyphenols chemistry  

Two distinct groups of polyphenols can be denoted, i.e., flavonoids and non-flavonoids. 

In turn, these are divided in many classes and sub-classes which will be further discussed in 

below.  

1.2.1.1 Flavonoids 

Chemically, these compounds are low molecular weight polyphenolic substances based 

on a 15-carbon skeleton, consisting of two aryl rings (A- and B-rings) connected by an heter-

ocyclic pyran ring (C-ring) and forming the C6-C3-C6 flavan nucleus depicted in Fig. 2 (Petrussa 

et al., 2013; Sandhar et al., 2011). 

 

FIGURE 2 – Schematic structure of the flavan nucleus, the basic flavonoid skeleton 
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The position of the aryl substituent divides the flavonoid group into different classes, 

namely flavonoids (2-arylflavan), isoflavonoids (3-arylflavan) and neoflavonoids (4-arylflavan) 

(Fig. 3). In addition, flavonoids may occur as flavan-opened chain compounds to give chalco-

noids, or as the 5-membered C-ring derivatives auronoids (Fig. 3) (Iwashina, 2000). 

O

O

O

O

O

O

Flavonoids Isoflavonoids Neoflavonoids

Chalconoids Auronoids
 

FIGURE 3 – Representation of the major classes of flavonoids 

According to the degree of oxidation and substitution pattern of the heterocycle, i.e., 

the presence or absence of the ketone group and/or the 3-hydroxyl group in the C-ring, six 

different sub-classes of flavonoids can be distinguished: flavones, flavon-3-ols, flavan-3-ols (or 

chatechines), flavanones, dihydroflavon-3-ols (or flavanon-3-ols) and anthocyanins (Fig. 4) 

(Marais et al., 2006).  

 

FIGURE 4 – Representation of the six different sub-classes of flavonoids 

Individual compounds within each sub-class are resultant from further substitutions and 

arrangement of hydroxyl and/or methoxyl groups on the A- and B-rings (Kumar & Pandey, 

2013). Naturally, flavonoids may occur individually as free aglycones (basic flavonoid structure), 

or modified by glycosylation or alkylation (Tanwar & Modgil, 2012). Most common C- and/or 
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O-glycosylation sites occur at C3, C5, C7, C3’ and C4’, and usually glucose, rhamnose, glu-

corhamnose, galactose and arabinose are the most frequently encountered sugar residues 

(Kumar & Pandey, 2013; Xiao, Muzashvili & Georgiev, 2014). 

Flavones and flavon-3-ols, which differ from each other for the absence/presence of a 3-

hydroxyl group in the pyrone ring, are the most abundant categories of flavonoids in nature 

(Comalada, Xaus & Gálvez, 2013). The most commonly found flavonol is quercetin, while 

luteolin and apigenin are the most widely distributed flavones, mainly in their glycoside forms 

(Gharras, 2009; Lamport et al., 2012).  

Flavanones and dihydroflavon-3-ols are the respective equivalents from the latter com-

pounds with the particularity of the saturation of C2–C3 bond, i.e., they lack of the double bond 

between these two carbons on the pyrone ring. Hesperetin, naringenin and eriodictyol, are 

the three main flavanones in nature, and they can be chiefly found in citrus fruits (Tomás-

Barberán & Clifford, 2000). On the other hand, the most well-known dihydroflavonol is taxi-

folin, though its appearance in nature is rather uncommon (Slimestad, Fossen & Vågen, 2007).  

Flavan-3-ols have a skeleton similar to that of flavanon-3-ols, except for the absence of 

the 4-keto group (Comalada, Xaus & Gálvez, 2013). These compounds may exist in both the 

monomer (catechins) and polymer form (proanthocyanidins) and are among the most frequent 

flavonoids in our diet. Catechins may be found in many fruits, but it is undoubtedly in green 

tea where they are predominant (see table 1). As a result of the fermentative process applied 

for the production of black tea, the high levels of (gallo)catechins common in green tea decay 

to give way to the oxidized derivatives: theaflavins (dimers) and thearubigins (polymers) (Knaze 

et al., 2012). On the other hand, proanthocyanidins, also known as condensed tannins, are 

complex catechins bound together by links between C4 and C8 (or C6), forming dimers, 

oligomers, and polymers which are responsible for the astringency of fruits and beverages 

(including grapes, persimmon, berries, wine, tea, etc) (Gu et al., 2004; Hooper et al., 2008). 

Procyanidins-rich products are one of the most common nutraceuticals in the market. The 

most popular are those based on grape seed extracts which are usually sold as ‘95% procya-

nidins standardized extracts’ pills or capsules. The main activity attributed to theses nutraceu-

ticals is their antioxidant activity (Espín, García-Conesa & Tomás-Barberán, 2007). 

The remaining flavonoid sub-class are the anthocyanins which  can be distinguished from 

the others due to their flavylium (2-arylchromenylium) ion skeleton that causes them to be 

highly colored  (Jurd, 2013). Therefore, these compounds are pigments responsible for the 

red, blue or purple colors in fruit and flower tissues. Because their free aglycone forms are 

highly unstable, they always appear in their glycosylated form (Veberic et al., 2015).  
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Together with the procyanidins, anthocyanins have occupied a prominent place in the 

market of products such as nutraceuticals and dietary supplements. The main dietary origin of 

these products is either single berry or natural combinations of various berries (blend of blue-

berry, strawberry, cranberry, wild bilberry, elderberry, and raspberry extracts). Often, they 

are also combined with other food components and are commercialized as powders, capsules, 

or tablets mainly claiming their high level of antioxidant capacity (Espín, García-Conesa & 

Tomás-Barberán, 2007). 

1.2.1.2 Isoflavonoids, neoflavonoids, chalconoids and auronoids 

Isoflavonoids, neoflavonoids, chalconoids and auronoids are much less common flavo-

noids compared to those previously mentioned. Isoflavonoids have gained increasing interest 

since they are important phytoestrogens which are believed to have several biological effects 

in humans via estrogen receptors. Because of that, this kind of polyphenols are frequently 

found in dietary supplements mainly related to menopausal women (North American 

Menopause Society, 2011).  

Neoflavonoids, chalconoids and auronoids are classes of compounds that do not occur 

frequently in nature, although they have already been documented for a broad spectrum of 

health benefits (Garazd, Garazd & Khilya, 2003).  

1.2.1.3 Non-flavonoids 

Phenolic acids are non-flavonoid polyphenos which can be further divided into phenolic 

and hydroxycinnamic acid derivatives based on C6–C1 and C6–C3 backbones, respectively (see 

Fig. 5). While fruits and vegetables contain many free non-flavonoids, in grains and seeds, these 

are often found in the bound form (Adom & Iu, 2002; Chandrasekara & Shahidi, 2010; Kim et 

al., 2006). The phenolic acid content of edible plants is generally low. Besides, they are com-

monly present in the bound form and are typically components of complex structures like 

lignins and hydrolyzable tannins. They can also be found in the form of sugar derivatives and 

organic acids in plant foods (D’Archivio et al., 2007; Liu, 2004). 

Hydoxycinnamic acids are mainly found in nature in glycosylated derivatives or esters of 

quinic, shikimic or tartaric acid. These compounds have received increasing interest for their 

ability to inhibit the low-density lipoprotein (LDL) oxidation, among other biological proper-

ties (McCune et al., 2011). Interestingly, the consumption habits of coffee has a serious impact 

in people’s daily intake of hydroxycinnamates. A person who drinks three cups/day may ingest 

as much as 800 mg of hydroxycinnamic acid, whereas subjects who do not drink coffee and 

eat little amounts of fruits barely reach the 25 mg/day (Freitas, de, 2012). 
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FIGURE 5 – Representation of the backbone structure of the three main non-flavonoid classes 

1.2.1.4 Stilbenes and Lignans 

Stilbenes are another class of phenolic compounds that is little widespread in plants. 

Nevertheless, extensive studies have been performed with resveratrol as it was found that it 

possesses potent anti-oxidant, anti-inflammatory, anti-obesity, anti-carcinogenic properties, 

and more recently it has shown the ability to activate sirtuins which have been suggested to 

mediate the lifespan extending effect of a low calorie diet, thus  justifying its common use in 

several nutraceuticals (Gertz et al., 2012; Silk & Smoliga, 2014).  

Lignans are compounds highly present in flaxseed (mainly as secoisolariciresinol, Fig. 5) 

that are metabolized by the intestinal microflora to produce “mammalian lignans” which are 

recognized as estrogen-like molecules and related to lower breast cancer risk (Carreau et al., 

2008). 

1.2.2 Bioavailability of phenolic compounds 

Polyphenols bioavailability and accumulation in body tissues is a very complex topic that 

has raised much debate within the scientific community and it is still not fully understood. The 

truth is that bioavailability differs greatly from one polyphenol to another, and the most abun-

dant polyphenols in our diet are not necessarily those leading to the highest concentrations 

of active metabolites in target tissues (Manach et al., 2005). 

The absorption of food phenolics is primarily dictated by their chemical structure, as 

globally determined by several features (e.g. the degree of glycosylation, acylation, conjugation 

with other phenolics, molecular size, degree of polymerization and hydrophobicity) (Landete, 

2012). Besides, the site of absorption also determines where some polyphenols may be better 

absorbed than others. Generally, flavonoid aglycones and specially hydroxycinnamic acids in 
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their free forms can be considerably absorbed from the small intestine (D’Archivio et al., 2010). 

The exception are the anthocyanin glycosides which have been demonstrated to be quickly 

and efficiently absorbed in the stomach (Fernandes et al., 2014). Other phenolics may be better 

absorbed in the large intestine or in the upper gastrointestinal tract after enzymatic hydrolysis 

or microbiota modification (D’Archivio et al., 2010). 

During the course of the absorption, polyphenols undergo extensive modification by 

methylation, sulfation and/or glucuronidation in the intestinal cells and later in the liver, rep-

resenting a metabolic detoxification process, that facilitates their biliary and urinary elimination 

through increment of their hydrophilicity (Fig. 6) (Crozier, Rio, Del & Clifford, 2010). As a 

consequence, the forms reaching the blood and tissues are different from those present in 

food, making it very difficult to identify all the metabolites and to evaluate their biological 

activity.  

 

FIGURE 6 – Representation of the trajectory of polyphenols and metabolites in human’s organism 

Moreover, because the nature and the positions of the conjugating groups on the poly-

phenol structure may affect the biological properties, it is important that these circulating 

metabolites could be identified (Crozier, Rio, Del & Clifford, 2010; D’Archivio et al., 2010). 

Evidence, although indirect, of their absorption through the gut barrier is given by the increase 

in the antioxidant capacity of the plasma after the consumption of polyphenols-rich foods 

(D’Archivio et al., 2007). However, tissue concentrations may be quite variable compared with 

plasma concentrations. As an example, isoflavonoid metabolites tend to accumulate in breast 

tissue while enterodiol and enterolactone in the prostate. This means that plasma polyphenols 

may not necessarily be the best biomarkers of exposure (Bohn, 2014). Therefore, the 
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determination of the bioavailability of the polyphenols in target tissues is much more important 

than the knowledge of their plasma concentrations. However, the investigation of the cellular 

and tissue uptake in humans is quite difficult, and consequently, the scarce information that 

exists in this field is derived mainly from animal studies whose extrapolation to humans needs 

to be demonstrated (Porrini & Riso, 2008). 

Once ingested, a portion of low-molecular-weight polyphenols may be readily absorbed 

in the small intestine, while 90–95% accumulate in the large intestinal lumen, where they are 

subjected to the enzymatic activities of the gut microbial flora and transformed into a series 

of absorbable low-molecular-weight phenolic metabolites (Cardona et al., 2013). 

A diversity of colonic-derived catabolites is absorbed into the bloodstream and passes 

through the body prior to excretion in bile and/or urine. There is growing evidence that these 

compounds, which were little investigated until recently, are produced in quantity in the colon 

and form a key part of the bioavailability equation of dietary flavonoids and related phenolic 

compounds (Crozier, Rio, Del & Clifford, 2010). 

1.2.3 Oxidative stress and inflammatory conditions 

Oxidative stress is defined as an imbalance between production of free radicals and 

reactive metabolites, comonly known as reactive oxygen and nitrogen species (ROS and RNS), 

and their elimination by protective mechanisms, referred to as antioxidants. In biological 

systems, the most common source of reactive species is oxygen, mainly through mithocondria 

activity (Dröge, 2002). This organelle is responsible for the consumption of ~90% of cellular 

O2 during the mitochondrial process, from which several short-lived intermediates are 

produced, including O2● –, H2O2 and OH● (Khansari, Shakiba & Mahmoudi, 2009). Reactive 

species can also be produced by other celular enzymes such as xanthine oxidase (XOX) , 

nicotinamide adenine dinucleotide phosphate oxidase (NOX) and iNOS, which produces NO● 

(Thatoi, Patra & Das, 2013). 

To prevent the destructive effect of undesired oxidation reactions, cells make use of a 

plethora of antioxidant mechanisms consisting of several enzimatic (SOD, GSH-px, CAT, etc) 

and non-enzimatic (vitamine A, C, E) elements, allowing them to keep ROS and RNS in low 

concentrations (Santhakumar, Bulmer & Singh, 2014). When the homeostasis between 

antioxidants and reactive species is disrupted, overproduction of ROS and RNS becomes toxic 

to cells and tissues, reacting uncontrollably with endogenous macromolecules including lipids, 

proteins and DNA (Balamurugan & Karthikeyan, 2012). This self agression together with 

exogenous agressions (ultraviolet light, ionizing radiation, and pollutants, traumatisms, 

pathogens, etc) will cause the cells to enter in an oxidative-stress state. 
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Distinct oxidative-stress conditions are usually related with pathological events including 

those of inflammation (see fig. 7).  

 

FIGURE 7 – Overview of the signaling cascades that mediate the oxidative stress and inflammatory conditions 

Inflammation usually begins in a localized area, although depending on the injury´s 

severity, it can quickly become systemic. The acute phase of inflammation starts immediately 

upon injury and rapidly turns severe, persisting only for a short period of time (Meireles & 

Santos, 2010). Several chemical mediators, particularly cytokines and chemokines are released 

by phagocytic and nonphagocytic cells to stimulate the surrounding cells and recruit others 

from the immune system such as neutrophils and macrophages (Federico et al., 2007). Some 

of the most well-known cytokines are the tumor necrosis factor-α (TNF-α), interleukin 1-β 

(IL1-β) and interferon-γ (IFN-γ). When these mediators are recognised, they will trigger a 

series of intracellular cascades that will promote the activation of the NF-κB, a crucial 

transcription factor closely related to inflammation that in turn increases the expression of 

genes coding pro-inflammatory cytokines, enzymes such as COX-2, LOX and iNOS, and also 

more ROS and RNS species (Cardoso et al., 2014). Notably, COX-2 and LOX are pivotal 

players in the arachidonic acid pathway, respectively controlling the biosynthesis of pro-
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inflammatory eicosanoids and of leukotrienes (considered as potent mediators locally released 

at the inflammation site by leukocytes and other cells) (Vardeny & Solomon, 2008). The up-

regulation of iNOS deeply increases the production of NO● in cells, mainly in macrophages 

and endothelial cells. Together with other mediators, NO● acts on the endotelial capillaries 

causing their dilatation, resulting in an increase of the blood flow on the affected area and 

making them more permeable to the blood proteins, neutrophils and macrophages which are 

being recruited so that they can move into the interstitial spaces. This results in an increase 

of the oxygen uptake leading to the oxidative burst, which is the second major endogenous 

source of reactive species (Reuter et al., 2010). Until they are contained, all these events result 

in a self-sustaining cycle where ROS and RNS stimulate the pro-inflammatory chemical 

mediators that in turn stimulate the production of more reactive species, establishing a perfect 

environment for the development of a chronic inflammation and several pathological 

conditions associated (Catarino et al., 2015). 

 Involvement of polyphenols in oxidative stress and inflammation 

Three different molecular mechanisms are involved in the biological properties of 

polyphenols: I) neutralization of  reactive species through direct scavenging of free radicals and 

chelation of heavy metals; II) inhibition of pro-oxidant, pro-inflammatory  and redox-sensitive 

mediators such as NF-κB, iNOS, COX-2, LOX, XOX and NOX, and III) enhancement of 

cellular antioxidant defences through up-regulation of phase II detoxifying enzymes (González 

et al., 2011; Santangelo et al., 2007). 

The first mechanism is related to the direct antioxidant effects of polyphenols and is the 

most well studied and clarified biological property of these compounds. Briefly, the phenolic 

compounds can accept electrons to form relatively stable phenoxyl radicals and this way, 

disrupting the chain oxidation reactions. This process may happen in two different ways, 

namely Hydrogen Atom Transfer (HAT) and by Single Electron Transfer (SET), which can be 

explained through the equations in below (Leopoldini et al., 2004). 

During the HAT reaction, a hydrogen atom is transferred from the phenolic compound 

(PheOH) to the radical (R●), resulting in a phenoxyl radical (PheO●) and a stable substance 

(RH) (Eq. 1). This phenoxyl radical can then react with other radicals or phenoxyl radicals (Eq. 

2a and 2b, respectively) by radical-radical termination reactions, forming an unreactive 

compound, i.e., PheO–R or PheO–OPhe. On the other hand, in a SET reaction, the phenolic 

compound transfer one electron to reduce the radical, metals or carbonyls (Eq. 3) (Catarino 

et al., 2015; Leopoldini et al., 2004). 
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(Eq. 1) PheOH + R● → PheO● + RH 

(Eq. 2) 𝑎) PheO● + R● → PheO − R  𝑏) PheO● + PheO● → PheO − OPhe 

(Eq. 3) PheOH + R● → PheOH● + R− 

Chelation of transition metals such as Fe2+ is another perk of phenolic compounds, 

contributing this way to the reduction of the Fenton reaction, thus preventing oxidation 

caused by highly reactive hydroxyl radicals (Perron & Brumaghim, 2009).  

Importantly, not all the existent polyphenols are good antioxidants. There are some 

structural aspects that grants some phenolic compounds better antioxidant activity than 

others. Regarding to the flavonoids, the higher number of hydroxyl groups, the better 

antioxidants they will be. However, the presence of the 3’,4’-catechol and the 3-OH group 

are key features for their proper activity (Heim, Tagliaferro & Bobilya, 2002). The same rule 

of the hydroxyl numbers is applied to the phenolic acids, i.e., the higher number of OH groups, 

the stronger antioxidant power. Besides, if a methoxy group is present this power might even 

get enhanced. Moreover, comparing phenolic to hydroxycinnamic acids, the later possess 

significantly higher antioxidant abilities than the former, which means that the presence of the 

–CH=CH–COOH groups in hydroxycinnamic acids ensures greater H-donating ability and 

subsequent radical stabilization (Cai et al., 2006). 

Several chemical models have been developed in order to measure phenolics radical 

scavenging capacity. Although these methods reveal some limitations in terms of similarity to 

the mechanisms of antioxidant actions in a biological system, they still may portray well how 

polyphenols function as antioxidants, thus enlightening their role in human’s health (Tsao, 

2010).  

Besides the direct antioxidant properties, polyphenols are also known to exhibit their 

abilities indirectly by acting on two fronts, i.e., by impairing the pro-oxidant and pro-

inflammatory enzymes or ultimatly by enhancing the endogenous antioxidant defences (Higdon 

& Frei, 2003).  

In this field, the most well clarified of structure-activity interactions have been described 

for flavonoids and XOX. According Cos et al. (1998) studies, the structural features that best 

adjust to a lower XOX activity are the presence of the C5 and C7 hydroxylations in the A-

ring, as well as the presence of the C2-C3 doublebond in the C-ring. 

Although less studied, some findings concerning the structure-activity relation of 

flavonoids and other enzymes have already been reported. According to the review of Kim et 

al. (2004), flavonols are more effective inhibitors of LOX, while flavones act preferentially 

against COX. Either way, evidences show that the presence of the same structural features 
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mentioned before, i.e., the C2-C3 double bond and the presence of the catechol, carbonyl and 

C5 and C7 hydroxyl groups, were also considered relevant for good inhibitory effect on these 

two enzymes as well as for the inhibition of iNOS, and IκB kinases which are responsible for 

the activation of the NF-κB transcription factor (Comalada et al., 2006; Ribeiro et al., 2014; 

Takano-Ishikawa, Goto & Yamaki, 2006). 

Very limmited information exists regarding to the structure-activity between 

hydroxycinnamates and pro-oxidant and/or pro-inflammatory enzymes. However, some 

evidences have already demonstrated that the 3,4-catechol and the α,β-unsaturated groups 

are important for an effective inhibition of XOX activity and NF-κB biding to  DNA (Chang et 

al., 2007; Chiang et al., 2005).  

1.3 Eriocephalus africanus L. and Geranium robertianum L. 

Eriocephalus africanus L. (Asteraceae) (Fig. 8 A) and Geranium robertianum L. (Gerania-

ceae) (Fig. 8 B) are traditionally used as medicinal plants, though E. africanus is more prevalent 

among the South African provinces while G. robertianum is more popular in European coun-

tries, with many therapeutic applications, including the treatment of inflammatory and oxida-

tive stress-related diseases (Njenga & Viljoen, 2006; Tofts, 2004). 

 

FIGURE 8 –Eriocephalus africanus L. (A) and Gernaium robertianum L. (B) 

(A) Aparicio, Divina (2010) retrieved from: http://www.biodiversidadvirtual.org/herbarium/Eriocephalus-africanus-3-4-

img26641.htm; (B) Goff, MrPany (2011) retrieved from: https://commons.wikimedia.org/wiki/File:Geranium_roberti-

anum_-_Etropole.jpg 

E. africanus, a plant native from South Africa and naturalized in the Mediterranean region 

(Fig. 9 A) where it is commonly known as “Rosmaninho Africano” (Portuguese), “Kapokbos” 

(Afrikaans), “Cape snowbush” or “Wild rosemary”, is a small fast growing evergreen shrub, 

with green-grey foliage and snow white flowers of a distinctive fragrance that give rise to 

B A 
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cottony seeds (Merle et al., 2007; Salie, Eagles & Leng, 1996). Frequently used for cooking, 

dried or fresh leaves and young tops of E. africanus are finely chopped and used in soups, salads, 

vegetables, meat and other foods. Besides, it can also be used to flavour wines, vinegar, oil and 

butter (Catarino et al., 2015).  

G. robertianum commonly known as “Erva de São Roberto” (Portuguese), “Herb-Robert” 

or “Red Robin” is an annual or biennial herbaceous plant native from Europe and temperate 

Asia, and introduced in North America (Fig. 9B) (Svendsen et al., 2015). It grows in moist 

places up to 50 cm high, with reddish stems and green leaves that also turn red at the end of 

the flowering season when it produces small and pink, five-petalled flowers (Tofts, 2004). 

The Southern Africans have been known to use E. africanus for the treatment of gastro-

intestinal disorders, asthma, coughs, fever and painful conditions and as diuretic, diaphoretic, 

antiseptic, anti-inflammatory and antioxidant (Njenga & Viljoen, 2006; Njenga, 2005; Salie, 

Eagles & Leng, 1996), while G. robertianum has been employed in the treatment of conjunctivi-

tis, rashes, bruises, swellings, tooth-ache, fever, stomach and gut, afflictions of the kidneys and 

genitalia, and used as anti-inflammatory, anti-asthmatic, anti-allergic, antioxidant, antidiar-

rhoeic, antihepatotoxic, diuretic, tonic, haemostatic and antidiabetic (Jemia et al., 2013; Tofts, 

2004).  

 

FIGURE 9 – Approach to the geographical distribution of E. africanus (A) and G. robertianum (B) around 

the world. This maps are based on occurrence records available through the GBIF Backbone Taxonomy, 2013-

07-01 and may not represent the entire distribution. Accessed via http://www.gbif.org/species/2890668 on 2015-

07-16 

The Southern Africans have been known to use E. africanus for the treatment of gastro-

intestinal disorders, asthma, coughs, fever and painful conditions and as diuretic, diaphoretic, 

antiseptic, anti-inflammatory and antioxidant (Njenga & Viljoen, 2006; Njenga, 2005; Salie, 

Eagles & Leng, 1996), while G. robertianum has been employed in the treatment of conjunctivi-

tis, rashes, bruises, swellings, tooth-ache, fever, stomach and gut, afflictions of the kidneys and 
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genitalia, and used as anti-inflammatory, anti-asthmatic, anti-allergic, antioxidant, antidiar-

rhoeic, antihepatotoxic, diuretic, tonic, haemostatic and antidiabetic (Jemia et al., 2013; Tofts, 

2004).  

Despite all this popular knowledge, scientific data supporting these health benefits is still 

scarce, and even more concerning the constituents that may be responsible for them. This is 

particularly true for E. africanus since only few publications can be found indexed to the ISI 

Web of Science® platform (Fig. 10 A). 

 Notwithstanding, there are already a few records supporting some of the beneficial 

properties of E. africanus and G. robertianum as well. In particular, organic (ethanol, methanol 

and chloroform) extracts of E. africanus have been shown to exhibit antifungal capacity against 

Candida albicans, while organic and aqueous extracts were reported to be effective against 

Staphylococcus aureus (Salie, Eagles & Leng, 1996). Also, an aqueous extract of E. africanus has 

been proved to significantly attenuate nociception and pyrexia in in vivo mice models, thus 

confirming its analgesic and antipyretic properties (Amabeoku et al., 2000). Moreover, antipy-

retic, analgesic, anti-allergic, anti-depressant, antiseptic, anti-inflammatory and antioxidant 

properties were reported for acetone extracts and essential oils of E. africanus leaves.  

 

FIGURE 10 – Number of publications in the 1995 - 2014 period by simple search in ISI Web of Science® 

using the keywords "Eriocephalus africanus" (A) and “Geranium robertianum” (B) 

Likewise, different extracts (water, aqueous ethanol and methanol) as well as polyphe-

nolic purified and/or concentrated extracts of G. robertianum, were already reported for their 

potential antioxidant activity upon assayed in several chemical methods including DPPH●, 

ABTS●+, HOCl, reducing power and metal chelating activity (Amaral et al., 2009; Fodorea et 

al., 2005; Jemia et al., 2013; Kobakhidze & Alaniya, 2004; Neagu et al., 2010; Roman et al., 2009). 

Furthermore, leaf decoctions of this plant were shown to decrease the plasma glucose levels 

in diabetic rats and improve liver mitochondrial respiratory parameters, increasing the oxida-

tive phosphorylation efficiency, which can explain a possible antidiabetic mechanism of this 

A B 
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plant (Ferreira et al., 2010). Additionally, Paun et al. (2013) demonstrated that G. robertianum 

could be considered as possible remedy in ulcer treatment since the aqueous phenolic extracts 

of this plant were very effective inhibitors of urease, an enzyme that is closely associated to 

the pathogenesis of gastric and peptic ulcers. Interestingly, due to its abundance in ellagitanins, 

G. robertianum may contribute as a substrate for the production of urolithins metabolites (re-

sultant from the metabolism of ellagic acid and its derivatives by the gut microbiota) 

(Piwowarski et al., 2014). Since evidence suggest  that urolithins are correlated with anticar-

cinogenic, anti-inflammatory, antioxidant, antimicrobial and other health promoting properties 

(Espín et al., 2013), it is possible to assume that G. robertianum possess this same features in an 

indirectly manner. 

Limited information regarding to the phenolic composition of these plants is known as 

well. As a matter of fact, to the author’s knowledge, E. africanus phenolic profile has never 

been described before. On the other hand, records of the phenolic composition of G. roberti-

anum determined by HPLC have already been reported before. However since in that work 

the extracts were all submitted to an hydrolysis step, only the aglycones have been identified 

(Fodorea et al., 2005).  
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2 OBJECTIVES 

Eriocephalus africanus and Geranium robertianum are two different plant species that are 

known in folk medicine for their health benefits. Despite the scarce scientific information, 

some studies have already reported their therapeutical potential in the treatment of some 

pathological conditions, suggesting that these plants could be a source of biological active 

compounds, such as polyphenols, which could be used for medicinal purposes. 

In this context, the research work present in this master thesis intended to investigate 

the cytotoxicity, antioxidant and anti-inflammatory potential of these two plant species with 

association to their phenolic profile in order to better understand the involvement of their 

phenolic constituents on their beneficial properties.  The final purpose is to explore the 

potential of Eriocephalus africanus and Geranium robertianum for being economically exploited 

as therapeutic and/or nutraceutical agents for the treatment and/or prevention and/or 

attenuation of the symptoms associated to oxidative stress-related pathological conditions.  

To accomplish this goal, the following tasks were proposed: 

 Determination of antioxidant activities of Eriocephalus africanus and Geranium 

robertianum hydroethanolic extracts  

 Evaluation of the anti-inflammatory properties and cytotoxicity of Eriocephalus 

africanus and Geranium robertianum hydroethanolic extracts 

 Characterization of the phenolic constituents of Eriocephalus africanus and 

Geranium Robertianum hydroethanolic extracts by high performance liquid 

chromatography associated with diode array detection and electrospray mass 

spectrometer (HPLC-DAD-ESI-MSn) 
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3 EXPERIMENTAL PROCEDURE 

3.1  Chemicals 

The phenolic standards chlorogenic acid, ferulic acid and eriodictyol were obtained from 

Extrasynthese (Genay Cedex, France). Ethanol, methanol, n-hexane and acetonitrile of HPLC 

purity were purchased from Lab-Scan (Lisbon, Portugal). PBS reagents (sodium salt, sodium 

chloride, potassium chloride, disodium hydrogenophosphate and potassium dihydrogenophos-

phate), iron(II) sulphate, potassium hexacyanoferrate(III), iron chloride(III), ABTS diammonium 

salt, gallic acid, trolox, BHT, TCA, DPPH, DMEM, Tween 20®, penicillin G sodium salt, strep-

tomycin sulphate salt, sodium bicarbonate, LPS from E. coli – serotype 026:B6, linoleic acid and 

soybean 5-LOX were obtained from Sigma Chemical Co. (St. Louis, MO, USA). Ascorbic acid, 

formic acid, Folin–Ciocalteu reagent, sodium carbonate, sodium phosphate, potassium hydrox-

ide and EDTA were purchased from Panreac (Barcelona, Spain). Fluorescein disodium salt, 

AAPH and TBA were purchased from Acros Organics (Geel, Belgium), while FBS and trypsin 

from Gibco (Paisley, UK). Hydrogen peroxide and sodium hydroxide were purchased from 

Fisher Scientific (Hampton, USA). Boric acid was purchase from Chem-lab (Zedelgem, Bel-

gium), deoxyribose from Alfa Aesar (Massachusetts, USA) and mannitol from MERCK (New 

Jersey, USA) 

3.2  Plant material  

The plants of E. africanus were cultivated and collected from the fields of the Coimbra 

College of Agriculture, while the G. robertianum specimens were collected from the spontane-

ous growing from Cernache do Bonjardim and botanically identified by Professor Hélia 

Marchante from Coimbra College of Agriculture / Center of Functional Ecology of the Uni-

versity of Coimbra. After collection, leaves were separated from the stems and the two parts 

of the plants were separately dried for 5 days at 36 ºC in a ventilated incubator.  

3.3  Extraction of phenolic compounds  

Dried stems and leaves (10 g) of E. africanus and G. robertianum were separately grounded 

in a sieve with 0.5 mm, and extracted with 150 mL of an 80% ethanol solution (v/v) at room 

temperature for 20 min and the resulting solutions were filtered through G4 sintered plates 

filter. The residues were re-extracted in the same conditions for a total of three times and 

the filtrated solutions were concentrated under reduced pressure in a rotary evaporator at 

37 ºC, following defatting with equal volume of n-hexane. The defatted solutions were then 
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frozen at 20 ºC and freeze-dried. The resultant dried material from stem and leaves of G. 

robertianum (GRS and GRL, respectively) or E. africanus (EAS and EAL, respectively) hydroeth-

anolic extracts were then stored in vacuum in a desiccator in the dark, for subsequent use. 

3.4  Antioxidant properties  

3.4.1   DPPH● scavenging assay  

This method consists in the color change of DPPH from purple (DPPH●) to yellow 

(DPPH-H) in presence of a hydrogen donner substance. This assay was performed following 

the procedure previously described (Catarino et al., 2015). Extract solutions were prepared 

with six different concentrations ranging from 0.1–1 mg/mL for E. africanus and 0.05 – 0.5 

mg/mL for G. robertianum. From these solutions, 0.1 mL were added to 1.9 mL of a 76 μM 

methanolic solution of DPPH● to complete a final volume of 2 mL. After 30 min of incubation 

in the dark, the absorbance of the mixtures was measured in a spectrophotometer (Dr Lange, 

XION 500, Germany) at 517 nm, against a blank (absence of DPPH●). The radical scavenging 

activity of each ethanolic extract was calculated as the percentage of DPPH● discoloration, 

using the equation of Yen e Duh (1994):  

(Eq. 4) Inhibitory % =
𝐴𝑐0− 𝐴𝑒𝑡

𝐴𝑐0
× 100 , 

where Ac0 is the absorbance of the solution without adding sample, and Aet is the ab-

sorbance of the solutions with the extracts, read at the end of the reaction. Based on chart 

values of percentage of DPPH● inhibition vs. extract concentration, the IC50 (concentration of 

the extract able to inhibit 50% of the DPPH●) of each extract was estimated. Each experiment 

was carried out at least three times with triplicates, and ascorbic acid was used as standard 

compound (2.8 – 28.0 μM). 

3.4.2   ABTS●+ decolorization assay  

The mechanistic basis of this assay is pretty close to that of DPPH● assay, i.e., in presence 

of a hydrogen donner substance, the dark green color fades as the ABTS radical cation gets 

reduced. This method was performed according to the described by Yang et al. (2013) with 

some modifications. A stock solution of ABTS●+ was prepared by reacting the ABTS-NH4
 

aqueous solution (7 mM) with 2.45 mM potassium persulfate (final concentration) and stored 

in the dark at room temperature for 12–16 h to allow the completion of radical generation. 

This solution was then diluted with ethanol so that its absorbance was adjusted to 0.70 ± 0.02 

at 734 nm. To determine the scavenging activity, solutions of concentrations ranging 0.06 – 1 
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mg/mL of E. africanus and 0.13 – 1 mg/mL of G. robertianum extracts were prepared, and 100 

μL of each were mixed with 1 mL of diluted ABTS●+ completing a final volume of 1.1 mL. 

Absorbance was then measured at 734 nm in a spectrophotometer (Dr Lange, XION 500, 

Germany) against ethanol (used as blank) after 20 min of incubation in the dark at room tem-

perature. The percentage of inhibition of ABTS●+, was again calculated using Eq. 4 (see 3.4.1) 

and the IC50 values were determined as well by plotting the percentage of ABTS●+ inhibition 

against extracts concentration. Three repetitions were carried out for each experiment and 

ascorbic acid 2.4 – 38.8 μM which was used as standard compound.  

3.4.3   OH● scavenging assay 

In this assay the hydroxyl radicals generated by ferric-ascorbate-EDTA-H2O2 will attack 

deoxyribose to form products called thiobarbituric acid reactive substances (TBARS), which 

upon heating with TBA at low pH yield a pink chromogen. When a hydroxyl scavenger sub-

stance is added to the reaction, it will compete with deoxyribose for hydroxyl radicals de-

creasing the TBARS formation and consequently the pink coloration. This assay was conducted 

following the procedure described by Kumar et al. (2006). A solution (140 μL) composed of 

FeCl3 (75 μM), EDTA (300 μM) and H2O2 (8.4 mM) prepared in 17.14 mM phosphate buffer 

(pH=7.4), was mixed with 210 μL of extract solutions at different concentrations (56 – 336 

μg/mL), 35 μL of deoxyribose (33.6 mM) and 35 μL of ascorbate (1.2 mM). The reaction 

mixture was then incubated at 37 ºC over 60 min to allow the generation of hydroxyl radicals 

by ferric-ascorbate-EDTA-H2O2 interactions. Afterwards, 350 μL of 1% (w/v) TBA (prepared 

in 50 mM of NaOH) and equal volume of 5% (w/v) TCA were added and the solutions were 

placed in a boiling water bath for 15 min, to allow the formation of the pink chromogen. The 

reactions were then interrupted in an ice bath and the absorbance was measured in the spec-

trophotometer at 532 nm. The percentage of the inhibition of this reaction by the scavenging 

of OH● was calculated according to the Eq. 4 (see 3.4.1), and the IC50 determined through 

linear regression by plotting the percentage of inhibition against concentration of the extracts. 

Three experiments for each sample were performed in triplicate and mannitol (0.3 – 10.3 μM) 

was used as reference compound. 

1.2.1 Ferric reducing antioxidant power (FRAP) assay  

The FRAP assay is a simple method based on the ability of a substance to reduce the 

iron from its ferric form (Fe3+) to the ferrous form (Fe2+) and was performed according to the 
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procedure described before (Catarino et al., 2015). For each extract, solutions of eight differ-

ent concentrations (0.01–0.09 mg/mL) were prepared, and 0.5 mL of each was mixed with 2.5 

mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% (w/v) potassium hexacyanoferrate 

aqueous solutions. After 20 min of incubation at 50 ºC, 2.5 mL of 4% (w/v) TCA was added 

followed by a vigorous stirring. Thereafter, 2.5 mL of each solution was transferred to new 

vials where 2.5 mL of deionized water and 0.5 mL of 0.1% (w/v) of iron chloride(III) were 

added, and the absorbance was then measured at 700 nm. A linear regression analysis was 

carried out by plotting the mean absorbance against concentrations, and the IC50 value was 

determined considering the extract concentration that provides 0.5 of absorbance. All the 

experiments were performed at least three times in triplicate and BHT (8.1 – 33.2 μg/mL) was 

used as a reference compound.  

3.4.4   Lipid peroxidation inhibitory capacity in the presence of thiobarbituric acid reactive 

substances (TBARS) assay 

Lipid peroxidation refers to the oxidative degradation caused by the attack of free radi-

cals to lipids in cell membranes and causing a chain reaction. The resultant end products are 

reactive aldehydes such has malondialdehyde (MDA) which in the same conditions referred in 

the 3.4.3 is also a TBARS. The presence of the antioxidant substances will interrupt the reac-

tion propagation thus decreasing the MDA formation and the pink coloration. Following the 

method described by Catarino et al. (2015), 100 μL of 1.4% (w/v) swine brain homogenate was 

incubated with solutions of five different concentrations (0.1–0.5 mg/mL for E. africanus ex-

tracts and 0.04 – 0.2 mg/mL for G. robertianum extracts) and the lipid peroxidation was initiated 

by the addition of 100 μL of iron sulfate(II) (10 mM) plus 100 μL of ascorbic acid (0.1 mM). 

After incubation at 37 ºC for 30 min, 500 μL of 28% (w/v) TCA and 380 μL of 2% (w/v) TBA 

were added to this reaction mixture which was again incubated in a boiling water bath for 20 

min. The tubes were then centrifuged at 3500 rpm for 10 min at the temperature of 4 ºC. The 

extent of lipid peroxidation was evaluated on the supernatant by the estimation of TBARS 

level by measuring the absorbance at 532 nm. The inhibitory percentage for each concentra-

tion used was then calculated using Eq. 4 (see 3.4.1), and through linear regression analysis 

the IC50 was calculated considering the concentration of sample that caused 50% reduction of 

MDA formation. Trolox (0.04 – 0.2 μM) was used as the reference compound. 
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3.4.5   Oxygen radical absorbance capacity (ORAC) assay 

The ORAC assay was performed according to the method described by Rashidinejad et 

al., (2013) with some modifications. In a 96-well, 150 μL of fluorescein (10 nM), prepared from 

a stock solution of 250 μM by diluting in 75 mM phosphate buffer (pH 7.4), were placed to-

gether with 25 μL of trolox standards (3.13 – 25 μM) and samples with final concentrations 

ranging between 1.25 – 6.25 μg/mL (stems extract of E. africanus) or 1.25 – 12.5 μg/mL (re-

maining samples). For blanks, 25 μL of phosphate buffer were added instead of antioxidant 

solutions. After an incubation of 10 min at 37º C, 25 μL of AAPH (153 mM) solution was 

added to each well, to a final reaction volume of 200 μL. The plate was immediately placed in 

the plate reader (SLT, Austria) and fluorescence was monitored every minute over 60 min. 

The measurement was carried out at 37 ºC with automatic agitation for 5 secs prior to each 

reading. Excitation was conducted at 485 nm with a 20 nm bandpass and emission was meas-

ured at 528 nm with a 20 nm bandpass.  

 Six concentration dependent kinetic curves were obtained for each sample, as well for 

trolox (standard compound, see curves in Fig. 11). 

 

FIGURE 11 – Plots of Trolox Kinetic Curves. Representative curves from ORAC assay of varying con-

centrations of Trolox antioxidant standards ranging from 0 to 25 μM. 

The area under the curve (AUC) of the fluorescence decay and Net AUC were calcu-

lated according to the following equations: 

 

(Eq. 5) 𝐴𝑈𝐶 = 1 + ∑
𝑅𝑖

𝑅0

𝑡𝑖=60 𝑚𝑖𝑛
𝑡0=60 𝑚𝑖𝑛  , 

(Eq. 6) 𝑁𝑒𝑡 𝐴𝑈𝐶 =  𝐴𝑈𝐶𝑆𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑈𝐶𝐵𝑙𝑎𝑛𝑘, 
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where R1 is the fluorescence reading at the initiation of the reaction and Ri was the 

fluorescence read at the time 𝑖. 

Linear regression analysis by plotting the Net AUC values against their correspondent 

concentration, allowed to obtain the slope (m) of the curve equations for each sample and 

standard. Antioxidant activities (ORAC value) were calculated by the following ratio: 

(Eq. 7) 𝑇𝐸 =  
𝑚𝑆𝑎𝑚𝑝𝑙𝑒

𝑚𝑇𝑟𝑜𝑙𝑜𝑥
, 

All the experiments were conducted at least three times in triplicate, and the final results 

were expressed in μM of Trolox equivalent/μg (TE μM/μg) of sample extract. 

3.4.6   Chemical NO● scavenging assay  

Chemical NO● scavenging is a method possessing two valences, i.e., similarly to the scav-

enging assays mentioned before, it allows to evaluate the antioxidant potential of the samples 

in study by testing their ability to arrest this radical, but since NO● is also a very important 

mediator in inflammation, this method also allows a preliminary screening of the samples with 

anti-inflammatory potential. 

The scavenging effects of E. africanus (83.33 – 666.67 mg/mL) and G. robertianum (3.26 – 

26.04 mg/mL) extracts on NO● scavenging ability were evaluated according to the method 

described by (Bor, Chen & Yen, 2006). Incubation of 200 μL of sodium nitroprusside (3.33 

mM) in phosphate buffer saline 100 mM (pH=7.4) with or without 200 μL of the different 

sample concentrations was performed at room temperature under light irradiation for 10 min. 

The NO● thus generated interacts with molecular oxygen, producing NO2
– which in presence 

of 200 μL of Griess reagent (1% of sulfanilamide and 0.1% of naphthylethylenediamine dihydro-

chloride in 2.5% of phosphoric acid) produces a purple azo dye caused by the diazotization 

with sulfanilamide and subsequent coupling with naphthylethylenediamine dihydrochloride. 

The measurement of the absorbance was determined spectrophotometrically  at 562 nm (Dr 

Lange, XION 500, Germany), and the IC50 value for the NO● scavenging activity was deter-

mined by plotting the percentage of inhibition of nitrite generation in the presence of the plant 

extracts (also calculated through Eq. 4 mentioned in 3.4.1) against the tested concentrations. 

Each experiment was conducted at least three times with triplicates and ascorbic acid (3.3 – 

55 μg/mL) was used as standard compound. 
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3.5  Evaluation of the hepatocytes viability 

3.5.1   Cell culture 

Human hepatic carcinoma cell line (HepG-2—ATCC HB-8065) was grown in DMEM 

supplemented with 1 g/L of glucose and pyruvate, 10% (v/v) inactivated fetal bovine serum, 

100 U/mL penicillin, 100 μg/ml streptomycin and 1.5 g/L of sodium bicarbonate, at 37 ºC in a 

humidified atmosphere of 95% air and 5% CO2. Along the experiments, cells were monitored 

by microscopic observation in order to detect any morphological change. 

3.5.2   Hepatocytes viability by the MTT assay 

Liver is the most important detoxifying organ in human body, thus it is important to 

evaluate the potential cytotoxic effects that the studied extracts might have over the hepatic 

cells. Therefore, the assessment of the hepatocytes viability was performed using MTT reduc-

tion colorimetric assay, as previously reported (Bufalo et al., 2013). This method relies on the 

metabolization of the yellow tetrazolium salt into the insoluble purple formazan inside living 

cells. A solution of acidic isopropanol is then added to solubilize the formazan allowing to read 

and quantify the absorbance spectrophotometrically. Thus, HepG-2 cells (0.08 ×106 cells/well 

in 96-well culture plates) were plated and allowed to stabilize overnight. Afterwards, cells 

were either maintained in culture medium (control) or incubated for 24h with different con-

centrations of previously filtered (0.2 μm PVDF whatman syringe filter, GE Healthcare Life 

Sciences, UK) EAS extract (final concentrations 50 – 200 μg/mL) and both G. robertianum ex-

tracts (25 – 100 μg/mL). After treatments, a solution of MTT (5 mg/mL in PBS) was added to 

cells, which were further incubated at 37 ºC for 60 min. Finally, culture supernatants were 

removed and dark blue crystals of formazan were solubilized with 300 μL acid isopropanol 

(0.04N HCl in isopropanol). Quantification of formazan was performed using an ELISA auto-

matic microplate reader (SLT, Austria) at 570 nm, with a reference wavelength of 620 nm. 

3.6  Anti-inflammatory properties 

3.6.1   Cell culture 

The murine macrophage cell line RAW 264.7 (ATCC number: TIB-71) was cultured in 

DMEM supplemented with 10% (v/v) non-inactivated fetal bovine serum, 100 U/mL penicillin 

and 100 μg/mL streptomycin at 37 °C in a humidified atmosphere of 95% air and 5% CO2. 
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Along the experiments, cells were monitored by microscopic observation in order to detect 

any morphological change. 

3.6.2   Cell viability by MTT assay 

Assessment of metabolically active cells was also performed using MTT reduction col-

orimetric assay. RAW 264.7 cells (0.3×106 cells/well in 48-well culture plates) were plated and 

allowed to stabilize overnight. Afterwards, cells were either maintained in culture medium 

(control) or incubated for 1h with different concentrations of previously filtered (0.2 μm PVDF 

whatman syringe filter, GE Healthcare Life Sciences, UK) EAS extract (final concentrations 50 

– 200 μg/mL) and both G. robertianum extracts (25 – 100 μg/mL). Macrophages were later 

activated with 1 μg/mL LPS for 24 h. After treatments, a solution of MTT (5 mg/mL in PBS) 

was added to cells, which were incubated at 37 ºC for 15 min, and further processed as de-

scribed in the section 3.5. 

3.6.3   Inhibition of cellular NO● production 

As referred before, NO● is a very important mediator overproduced during the inflam-

matory response. Therefore, the reduction of this pro-inflammatory molecule would be ben-

eficial for alleviation of an inflammatory status. Thus, the anti-inflammatory potential of both 

extracts was evaluated using an in vitro model of inflammation, the lipopolysaccharide (LPS)-

stimulated macrophages cell line RAW 264.7, as described by (Bufalo et al., 2013). The accu-

mulation of nitrites in the culture supernatants as the result of NO● production by macro-

phages stimulated with LPS was measured using a colorimetric reaction with the Griess reagent. 

Cells were plated at a density of 0.3×106 cells/well in 48-well culture plates, allowed to stabilize 

overnight, and then incubated with culture medium (control), or pre-stimulated with 1 μg/mL 

LPS during 60 min in the absence or in the presence of four concentrations of previously 

filtered (0.2 μm PVDF Whatman syringe filter, GE Healthcare Life Sciences, UK) stems extract 

of E. africanus and both extracts from G. robertianum (final concentrations 50 – 200 μg/mL and 

25 – 100 μg/mL, respectively), for 24 h. Briefly, 170 l of culture supernatants were collected 

and mixed with an equal volume of the Griess reagent during 30 min, in the dark. The absorb-

ance at 550 nm was measured using an automatic plate reader (SLT, Austria). Nitrite concen-

tration was determined through interpolation of the values using a sodium nitrite standard 

curve using concentrations ranging from 0.25 – 250 μM. This experiment was carried out 

three times in triplicate for each tested sample. 
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3.6.4   Soybean 5-Lipoxygenase (5-LOX) assay 

5-Lipoxigenase is an enzyme known to catalyze the oxidation of unsaturated fatty acids 

containing 1 – 4 pentadiene structures such as linoleic acid which, in accordance with previous 

studies (Tappel, Lundberg & Boyer, 1953), was used in this assay as the substrate. Linoleic acid 

(250 μM) was prepared by dilution of a stock solution (1M) in 0.2 M borate buffer (pH=8.0) 

containing 0.05% (v/v) Tween® 20. In a quartz cell, a mixture of 1.94 mL of linoleic acid with 

30 μL of each sample (5 mg/mL) was prepared and the reaction was initiated by the addition 

of 60 units of soybean 5-LOX in a final solution of 2 mL. The cell was immediately placed in 

an UV/vis spectrophotometer (UVmini-1240 UV-VIS Spectrophotometer, SHIMADZU, Japan) 

and the absorbance was recorded every 30 sec over 5 min, at 234 nm. As the linoleic acid is 

converted to 1–3-hydroperoxy linoleic acid, the appearance of a conjugated diene promotes 

the increase in the absorbance that is proportional to the reaction time generating a curve. 

The value for % inhibition of enzyme activity was calculated as follows 

(Eq. 8) Inhibitory % =
𝑚𝐴𝑐0−𝑚𝐴𝑒𝑡

𝑚𝐴𝑒𝑡
× 100, 

where mAc0 is the slope of the straight line portion of the curve generated by the negative 

control and mAet the slope of the straight line portion of the curve generated by each sample. 

Three repetitions of this experiment were carried out for each sample and for ascorbic acid 

(75 μg/mL), which was used as standard compound. 

3.6.5   Cell lysates and Western blot analysis for measurement of iNOS and COX-2 levels 

The aim of this assay was to evaluate whether the extracts studied could interfere with 

the protein levels of iNOS and COX-2, which are key players overexpressed in inflammatory 

conditions. For that, RAW 264.7 cells treated as previously described (see 3.6.3) were pre-

incubated during 1 h with or without 100 μg/mL (final concentration) of G. robertianum stems 

extract prior to the stimulation of 1 μg/mL of LPS, or just culture medium (for control) and 

further incubated for 24 h. Afterwards, cells were washed with ice-cold PBS, and incubated 

with RIPA lysis buffer (50 mM Tris–HCl, pH 8.0; 1% (v/v) Nonidet P-40; 150 mM NaCl; 0.5% 

(w/v) sodium deoxycholate; 0.1% (w/v) SDS; 2 mM EDTA), freshly supplemented with prote-

ase and phosphatase inhibitors cocktail, and sonicated for 7 sec at 40 μm peak to peak in Vibra 

Cell sonicator (Sonics & Material INC.) to decrease viscosity. The nuclei and the insoluble cell 

debris were then removed by centrifugation (12,000 g for 10 min at 4 ºC), and the postnuclear 

extracts were collected and used as total cell lysates. Protein concentration was achieved using 

the bicinchoninic acid method described by (Smith et al., 1985) before denaturation of lysates 
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at 95 ºC, for 5 min, in sample buffer (0.125 mM Tris, pH 6.8; 2% (w/v) SDS; 100 mM DTT; 

10% (v/v) glycerol and bromophenol blue). Western blot analysis was subsequently performed 

as previously described (Bufalo et al., 2013), for evaluation of protein levels of iNOS and COX-

2. Briefly, 30 μg of protein were electrophoretically separated on a 10% (v/v) sodium dodecyl 

sulfate polyacrylamide gel and transferred to a PVDF membrane. The membranes were 

blocked with 5% (w/v) fat-free dry milk in TBS-T, for 1h, at room temperature. Blots were 

then incubated overnight at 4 ºC with the primary anti-iNOS (1:1000) mouse monoclonal 

antibody, and anti-COX-2 (1:10,000) rabbit polyclonal antibody. After washing the membranes 

for 3 times during 10 min with TBS-T, these were further incubated for 1 h at room temper-

ature with alkaline phosphatase-conjugated anti-mouse and anti-rabbit antibodies (for iNOS 

and COX-2, respectively). The detection of the immune complexes was followed by scanning 

for blue excited fluorescence on the Typhoon imager (GE Healthcare) after 5 min of mem-

brane exposure to the ECF reagent. The generated signals were analyzed using the Im-

ageQuant TL software. Thereafter, membranes were stripped and the same process was re-

peated for α-tubulin which was used as loading control and for the normalization of the results. 

3.7  Quantification and identification of phenolic compounds through HPLC–DAD–

ESI/MSn  

The total phenolic content of each extract was quantified through Folin – Ciocalteu 

method (Pereira et al., 2012) with some modifications. A mixture of 1580 μL of milliQ water, 

100 μL of Folin–Ciocalteu reagent and 20 μL of plant extract solutions (2 mg/mL) were pre-

pared. After 3 min, 300 μL of sodium carbonate 17% (w/v) were added and the mixture was 

homogenized and incubated for 30 min at 40 ºC. The absorbance was measured at 700 nm 

and the amount of total phenolic compounds was expressed as gallic acid equivalent (mg 

GAE)/g dried weight of plant material, using a calibration curve of gallic acid as standard (0.001–

0.01 μg/ml). 

The LC-DAD-ESI/MSn analysis was performed on an Ultimate 3000 (Dionex Co., Cali-

fornia, USA) apparatus equipped with an ultimate 3000 Diode Array Detector (Dionex Co., 

California, USA) and coupled to a mass spectrometer.  

The chromatographic system consisted of a quaternary pump, an autosampler, a degas-

ser, a photodiode-array detector and an automatic thermostatic column compartment. Anal-

ysis was run on a Hichrom (Theale, UK) Nucleosil C18 column (250 mm length; 4.6 mm i.d.; 

5 μm particle diameter, end-capped) and its temperature was maintained at 30 ºC. The mobile 

phase for the separation of E. africanus extracts constituents was composed of (A) acetonitrile 
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and (B) 0.1% of formic acid (v/v), both degassed and filtered before use. The solvent gradient 

started with 90–70% of solvent B over 20 min, from 70–40% of solvent B over 10 min, and 

from 40–0% of solvent B over 5 min following the return to the initial conditions. For the 

separation of the constituents of G. robertianum extracts, acetonitrile was replaced by (D) 

methanol degassed and filtered before use as well, and the solvent gradient applied started 

with 20–60% of solvent (D) over 40 min and from 60–100% over 5 min again returning to the 

initial conditions. 

Prior to HPLC analysis, each extract (5 mg) was dissolved in 1 mL of 50% (v/v) of ethanol 

(v/v) and filtered through a 0.2 μm Nylon Whatman syringe filter (GE Healthcare Life Sciences, 

UK). The flow rate was 0.7 mL.min–1 and split out 200 μL.min–1 to MS. UV–Vis spectral data 

for all peaks were accumulated in the range 250–500 nm and chromatographic profiles were 

recorded at 280 nm.  

The mass spectrometer used was an Amazon SL (Bruker Daltonics, Bremen, Germany) 

ion trap MS equipped with an ESI source. Control and data acquisition were carried out with 

the Compass Data Analysis data system (Bruker Daltonics, Bremen, Germany). Nitrogen 

above 99% purity was used and the gas pressure was 520 kPa (75 psi). The instrument was 

operated in negative-ion mode with ESI needle voltage set at 5.00 kV and an ESI capillary 

temperature of 200 ºC. The full scan covered the mass range from m/z 70 to 700. CID–MS/MS 

and MSn experiments were simultaneously acquired for precursor ions using helium as the 

collision gas with collision energy of 10–40 arbitrary units.  

The identification of individual phenolic compounds from E. africanus extracts was 

achieved by comparison of their retention times, UV–Vis spectra and MSn spectra data with 

those of the closest available reference standards and data reported in the literature. The 

identification of those compounds for which no standard compounds were available was 

achieved only by comparison of the data reported in literature. 

The quantification of the main individual phenolic compounds was only achieved by E. 

africanus, and was performed by peak integration at 280 nm, through the external standard 

method, using the most close reference compounds available. The detection and quantification 

limits (LOD and LOQ, respectively) were determined from the parameters of the calibration 

curves represented in table 2, being defined as 3.3 and 10 times the value of the regression 

error divided by the slope, respectively (Ermer, Miller & Ermer Joachim, 2005; Snyder, Kirkland 

& Dolan, 2009). Note that phenolic compounds that were detected in MS analysis as a minor 

[M-H]- ion and were not simultaneously detected by UV-spectra analysis, were herein consid-

ered as trace components. 
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TABLE 2 – Linearity, LOD and LOQ of four standard compounds used as reference 

Standard 

compound 

Range concentra-

tion (μg/mL) 
na 

Slope (area 

counts/mg) 

Intercept 

(area 

counts/mg) 

R2 
LOD 

(μg/mL) 

LOQ 

(μg/mL) 

3-CQA 31.3-500 5 666.8 (±22.6) -7.1 (±4.1) 0.9996 20.6 62.5 

FA 8.8-175 5 1232.4 (±48.2) 1.2 (±1.7) 0.9993 9.6 29.0 

PCA 12.5-250 5 1366.5 (±28.4) 6.2 (±3.1) 0.997 18.4 55.7 

ERD 3.3-30 5 983.5 (±30.2) 0.9 (±0.1) 0.9978 2.6 7.9 

3-CQA, 3-caffeoylquinic acid; FA, ferulic acid; PCA, protocatechuic acid; ERD, eriodictyol 
a Number of points used for the regression of standard solutions. Injections were done in triplicate 

3.8  Statistical analysis 

All the data were expressed as mean ± standard error of the mean (SEM) of three inde-

pendent assays performed in duplicate and analyzed through ANOVA combined with Tukey’s 

test (GraphPad Prism 5). The significance level was p < 0.05.  
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4 RESULTS 

4.1  Determination of the antioxidant activities 

4.1.1   DPPH●, ABTS●+  and HO● scavenging activities 

Through these three assays it is possible to evaluate the antioxidant potential of the 

plant extracts by measuring their ability to scavenge the DPPH, ABTS+ and OH radicals 

(Catarino et al., 2015; Kumar et al., 2006; Yang et al., 2013). As it is possible to observe in 

figure 12, the increase of the samples concentration led to the consequent increase of their 

scavenging activity in the DPPH● and ABTS●+  and OH● assays. 

 

Interestingly in all the experiments, GRL extract repeatedly demonstrated the highest 

antioxidant potential. In agreement to the foregoing, the IC50 values obtained in DPPH● and 

ABTS●+ scavenging assays for this extract (7.6±0.6 and 3.9±0.6 μg/mL, respectively) were sta-

tistically similar to those of the respective standard compounds (7.1±0.3 and 1.3±0.2 μg/mL, 

respectively) and much lower (45.1±2.4 μg/mL) than that of the mannitol (196.2±16.4 μg/mL) 

in OH● scavenging assay (Fig. 13). Notably, a parity of the results obtained for GRL and GRS 

FIGURE 12– Dose-dependent antioxidant activ-

ity curves obtained for the leaves and stems ex-

tract of E. africanus (EAL and EAS, respectively) 

and G. robertianum (GRL and GRS, respectively) 

estimated by the DPPH● (A), ABTS●+ (B) and 

OH● (C) scavenging assays. The results shown 

were obtained from the mean of at least 3 inde-

pendent assays. 
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was noted in ABTS●+ assay, in which the GRS extract also exhibited a good scavenging activity, 

though slightly lower than the corresponding leaves extract, and in OH● assay where, together 

with GRL, it revealed great antioxidant potential with an IC50 three times lower (59.8±8.4 

μg/mL) than that of mannitol. The only exception was in the DPPH● assay in which GRS had a 

significantly lower activity (IC50 17.3±0.3 μg/mL) compared to GRL. 

Importantly the lower the IC50, the less concentration is needed to inhibit 50% of the 

initial radical concentration and thus, low IC50 values indicate an elevated antioxidant potential 

for the samples.  

 

Interestingly, EAS extract had an identical IC50 value to that of GRS extract in DPPH● 

assay, corresponding approximately to twice the antioxidant activity exhibited by ascorbic 

acid, which indicates that, though not as potent as GRL extract, their scavenging activity for 

this radical is still quite good. The worse result observed was by far the one obtained for EAL 

extract (IC50 of 30.4±1.7 μg/mL).  

FIGURE 13 – Representation of the IC50 values de-

termined for the various samples and standard com-

pounds tested in the DPPH● (A), ABTS●+ (B) and 

OH● (C) scavenging methods. Ascorbic acid was the 

standard compound (STD) used in DPPH● and 

ABTS●+, while mannitol was the standard compound 

used in OH● scavenging. Statistical analysis was per-

formed by one-way ANOVA, followed by Tukey’s 

post-hoc test. ***P<0.001; **P<0.01, compared to 

the STD. Data represent mean ± SEM of 3 independ-

ent assays 
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Paired results were also observed for EAL and EAS extracts in ABTS●+ and OH● scav-

enging assays. However, if in the former assay both extracts exhibited significantly lower ac-

tivities compared to the standard compound (IC50 17.2±1.6, 15.3±0.8 μg/mL and 1.3±0.2 

μg/mL, for EAL, EAS and ascorbic acid, respectively), in OH●, they have revealed IC50 values 

of 214.2±37.5 and 136.8±15.3 μg/mL, which were rather similar to that of mannitol 

(196.2±16.4 μg/mL), being noteworthy the tendency of a better scavenging capacity for the 

stems extract with respect to that of leaves.  

From an overall perspective all the four samples exhibited good antioxidant activities as 

free radical scavengers, but G. robertianum extracts, and in particular the one from the leaves, 

demonstrated to be predominantly better than E. africanus extracts. 

4.1.2   Ferric reducing antioxidant power and lipid peroxidation inhibitory capacities 

Ferric reducing power and lipid peroxidation inhibitory capacity methods allow to meas-

ure the antioxidant potential of the plant extracts by determining their ability to reduce heavy 

metals and to inhibit the oxidative degradation of lipids, respectively (Ayala, Muñoz & 

Argüelles, 2014; Benzie & Strain, 1996). 

As shown in figure 14, in these two assays, the plant extracts also exerted a dose-de-

pendent effects.  

 

FIGURE 14 – Dose-dependent antioxidant activity curves obtained for leaves and stems extract of E. africanus 

(EAL and EAS, respectively) and G. robertianum (GRL and GRS, respectively), estimated by the FRAP (A) and 

TBARS (B) assays. The results shown were obtained from the mean of at least 3 independent assays. 

In this case, a parity can be observed between the stems and leaves extracts of the 

different plants (see fig. 15A), i.e., the IC50 from GRL extract was similar to that of EAS extract 

(63.3±5.4 and 61.5±1.3 μg/mL, respectively), while the IC50 from GRS was close to that of EAL 

extract (93.5±5.5 and 88.0±3.0 μg/mL, respectively). These values indicate approximately a 3 
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to 4-fold less general capacity for reducing Fe3+ to Fe2+ than that of the standard compound 

(IC50 20.0±0.2 μg/mL). 

In turn, GRL and GRS extracts were the most promising samples in TBARS assay, with 

IC50 values of 115.8±16.1 and 210.4±38.6 μg/mL against the 41.1±5.2 μg/mL obtained for trolox 

(fig. 15B). 

 

FIGURE 15 – Representation of the IC50 values determined for the various samples and standard compounds 

tested in the FRAP (A) and TBARS (B) assays. BHT was the standard compound (STD) used in FRAP, while 

trolox was the standard compound used in TBARS. Statistical analysis was performed by one-way ANOVA, 

followed by Tukey’s post-hoc test. ***P<0.001, compared to the STD. Data represent mean ± SEM of 3 inde-

pendent assays  

Interestingly, in this assay the EAL extract has clearly demonstrated an higher IC50 value 

compared to the correspondent stems extract (268.6±45.9 against 416.1±237 μg/mL), thus 

indicating its better protective effect against lipid oxidative damage.  

4.1.3   Oxygen radical absorbance capacity 

In this assay, it was evaluated the extracts ability to block the oxidative degradation of 

fluorescein, and consequently loss of fluorescence. The antioxidant-dose response curves ob-

tained by plotting the Net AUC, calculated from the kinetic curves, against the samples con-

centration is represented in figure 16, and the respective ORAC values (expressed in μM TE) 

are listed in Table 3. All the four samples exhibited good antioxidant activity but notably, EAS 

extract stands out with approximately twice the activity of the remaining samples, correspond-

ing to 4.01±0.3 μM TE. In this case, GRL extract presented no significant differences from the 

two remaining samples, though through the figure 16 it is observable a slight tendency for its 

higher potential. 
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4.1.4   NO● scavenging activity in chemical model 

The screening of the scavenging ability of chemically-generated NO● is also an important 

method for establishment of the antioxidant abilities of samples. Still, as this radical is a key 

inflammatory mediator, the measurement of NO● scavenging capacity in chemical models is 

also used as a first general approach to evaluate the anti-inflammatory potential of the samples. 

Therefore, the four samples were tested in this assay not only to prove their antioxidant 

properties but also as a primary screening of their anti-inflammatory potential. 

As can be observed in figure 17, G. robertianum extracts were both undoubtedly ex-

tremely effective in the scavenging of this radical with IC50 values (20.0±0.9 and 24.2±8.0 μg/mL 

for GRL and GRS, respectively) of approximately 14 and 12 times lower, respectively, com-

pared to that of the standard compound (285.7±15.4 μg/mL) (see fig. 17C). These results 

indicate that these two samples are very potent NO● scavengers, suggesting that they might 

have significant anti-inflammatory activity.  

On the other hand, both E. africanus extracts exhibited considerable lower capacity for 

the scavenging of NO●, with IC50 values of 526.4±22.5 and 538.6±16.4 μg/mL for EAL and EAS 

extracts, respectively. 

Therefore, taking all this data together and since EAL extract globally revealed the less 

promising effects, it was excluded from further research, and the study proceeded with EAS 

and both G. robertianum extracts. 
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FIGURE 16 – Dose-dependent antioxidant curves ob-

tained for the leaves and stems extracts of E. africanus 
and G. robertianum estimated through the ORAC assay. 

The results shown were obtained from the mean of at 

least 3 independent assays. 

TABLE 3 – ORAC values obtained 

for the four samples tested 

Sample ORAC values (µM TE) 

EAL 1.2±0.0*** 

EAS 4.01±0.3 

GRL 1.8±0.1*** 

GRS 1.3±0.0*** 

Data expressed as mean ± SEM. Statistical analy-

sis was performed by one-way ANOVA, fol-

lowed by Tukey’s post-hoc test. Each letter 

mean significant differences ***P<0.001, com-

pared to the EAS extract. 
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4.2  Evaluation of hepatocytes viability 

Safety assessment is an important aspect of toxicology for the development of novel 

pharmacological substances. For this reason, before proceeding to the anti-inflammatory anal-

ysis in the biological models, the putative hepatotoxicity of the samples were evaluated in a 

human hepatic cell line HepG-2 cells.  

As shown in figure 18, the in vitro effect of the extracts on HepG-2 viability was repre-

sented as percentage of the control (non-treated cells). In all samples tested, no significant 

cytotoxic effects were seen for any of the concentrations tested, indicating that these extracts 

are armless at the concentrations tested. 

Nevertheless, it was noticed a slight tendency for decreasing the cell viability after treat-

ment with GRL extract, despite not statistically significant (fig. 18B). 

FIGURE 17 – Dose-dependent antioxidant response 

curves obtained for E. africanus extracts (EAL and 

EAS, respectively) (A) and G. robertianum extracts 

(GRL and GRS, respectively) (B) estimated through 

the NO● scavenging assay. The corresponding IC50 

values are displayed in (C).  The standard compound 

(STD) used was ascorbic acid. Statistical analysis was 

performed by one-way ANOVA, followed by Tukey’s 

post-hoc test. ***P<0.001, compared to the STD. 

Data represent mean ± SEM of 3 independent assays 
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4.3  Determination of anti-inflammatory activities 

4.3.1   Effects on soybean 5-Lipoxygenase 

5-LOX is an enzyme that catalyzes the oxidation of the arachidonic acid to produce 

leukotrienes which is another group of chemical mediators involved in inflammatory events 

and closely related to the pathological symptoms of asthma (Baylac & Racine, 2003; Cardoso 

et al., 2014). Therefore this enzyme is considered an important pharmacological target for 

intervention in these events. 

Looking at the kinetics of the reaction (fig. 19A) it is possible to understand the effect 

of the extracts on the activity of 5-LOX. Both G. robertianum samples at concentrations of 75 

µg/mL have shown a very similar inhibitory activity, wherein the slope of the kinetic curves 

were approximately 2.5 times lower than that of the control (with no inhibitors), correspond-

ing to an inhibition of 64.4±2.9 and 63.5±1.4 % of the normal enzyme activity (fig. 19B). No-

tably, these samples have shown to be as effective as the standard compound in the same 

concentration which has revealed 70.9±1.0 % inhibition of 5-LOX activity.  

FIGURE 18 – Cell viability of HepG-2 cells treated 

with GRS (A), GRL (B) (25, 50, 75, and 100 μg/mL) 

and EAS extracts (C) (50, 75, 100 and μg/mL). Cell 

viability was assessed using the MTT assay and the 

results were expressed as percentage of control cells 

(Ctrl). Each value represents the mean ± SEM of at 

least 3 independent experiments. 
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FIGURE 19 – Kinetic curves of the 5-LOX activity in absence or presence of 75 µg/mL of the samples studied 

(A) and their correspondent percentages of inhibition (B). The standard compound (STD) used was ascorbic 

acid. Statistical analysis was performed by one-way ANOVA, followed by Tukey’s post-hoc test. ***P<0.001, 

compared to the control (Ctrl). Data represent mean ± SEM of 3 independent assays. 

The inhibitory activity exhibited by the EAS extract (also at 75 µg/mL) was less pro-

nounced than those mentioned before. This extract was able to inhibit the 5-LOX activity in 

29.7±1.1 %, which corresponds to approximately half of the effectiveness of the remaining 

samples. Yet, the inhibitory effect of this sample can still be considered relevant. 

4.3.2   Effects on NO● production and cell viability on macrophages RAW 264.7 

NO● is a signaling molecule resultant from the conversion of arginine into citrulline by 

iNOS and responsible for the transduction of a variety of signals closely related with the path-

ogenesis of inflammation (Sharma, Al-Omran & Parvathy, 2007). Therefore, inhibition of this 

radical species beneficiates the decrease of inflammatory conditions. 

 As it is possible to depict from the figure 20, under normal conditions, macrophages 

RAW 264.7 produce low levels of nitrites (approximately 0.6±0.2 μM). Upon stimulation of 

these cells with LPS for 24h, the production of nitrites increased up to about 24.2±0.5 μM.  

Based on the positive effects previously observed regarding the scavenging ability of 

chemically-generated NO●, it was expected that the pre-treatment of the cells with the three 

most promising samples would attenuate the levels of nitrites production by the LPS-stimu-

lated RAW 264.7 macrophages. Still, this was not observed for the EAS extract, as it did not 

influenced the NO● release for any of the tested concentrations (fig. 20D). However, pre-

treatment of non-stimulated cells with 50 and 75 μg/mL of this extract significantly potentiated 

cell viability (fig. 20A), indicating an increase of the cell metabolism. Despite not statistically 

significant, there is also a tendency for these same concentrations to increase the metabolism 

of LPS-stimulated cells when compared to the untreated ones. 
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FIGURE 20 – Effects of the pre-treatment with EAS (50, 75, 100 and 200 μg/mL), GRS and GRL (25, 50, 75 and 

100 μg/mL) on the cell viability (% of the control) (A, B and C, respectively) and NO● levels (μM) (D, E and F, 

respectively) on RAW 264.7 cells after 24h of incubation with () or without () LPS. Statistical analysis was 

performed by one-way ANOVA, followed by Tukey’s post-hoc test. **P<0.01; ***P<0.001, compared to the 

control without LPS; #P<0.05; ##P<0.01; ###P<0.001, compared to the control with LPS. Data represent mean ± 

SEM of 3 independent assays. 
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 In turn, GRS and GRL extracts revealed significant inhibitory effects for the highest 

concentrations tested (100 μg/mL) (fig. 20E and F). However, looking at figure 20C, it is 

possible to conclude that the exposure of RAW 264.7 to GRL at this concentration also de-

creased cells viability, comparing to cells treated with LPS alone. Hence, the comparison of 

figures 20C and F allowed to conclude that GRL does not exert an effective reduction of 

NO● release but instead, it caused cell death of macrophages. 

Hence, the only promising results were obtained with GRS which was able to reduce 

the nitrites levels without interfering with cell viability (fig. 20B). Therefore, this sample was 

subjected to Western blot analysis in order to deeply explore the molecular mechanisms be-

hind its anti-inflammatory effect, specifically whether GRS extract could block the LPS-induced 

iNOS and COX-2 protein levels. 

4.3.3   Effects on expression of iNOS and COX-2 enzymes 

The effect of GRS on the expression of the enzymes iNOS and COX-2 are represented 

in figure 21. As expected, in normal conditions, cells do not express neither iNOS nor COX-

2. In turn, when the cells are stimulated with LPS the expression of this enzymes is triggered 

indicating that they entered in an inflammatory stage. 

 
 

iNOS

C
tr
l

LP
S

G
R
S

G
R
S
+L

P
S

0

50

100

150

*** ***

### ###

iN
O

S
 e

x
p

re
s
s
io

n

(%
 o

f 
c
o

n
tr

o
l 

w
it

h
 L

P
S

)

iNOS

C
tr
l

LP
S

G
R
S

G
R
S
+L

P
S

0

50

100

150

*** ***

### ###

iN
O

S
 e

x
p

re
s
s
io

n

(%
 o

f 
c
o

n
tr

o
l 

w
it

h
 L

P
S

)

COX-2

C
tr
l

LP
S

G
R
S

G
R
S
+L

P
S

0

50

100

150

200

### ###

#

***

***

C
O

X
-2

 e
x
p

re
s
s
io

n

(%
 o

f 
c
o

n
tr

o
l 

w
it

h
 L

P
S

)

FIGURE 21 – Effect of the GRS extract  (100µg/L) 

pre-treatment in the expression of iNOS and COX-

2 enzymes (% of the LPS) in RAW 264.7 macrophages 

after 24h of incubation with () or without () LPS. 

An anti-β-Tubulin antibody was used to confirm equal 

protein loading and normalize the data. Statistical 

analysis was performed by one-way ANOVA, fol-

lowed by Tukey’s post-hoc test. ***P<0.001, com-

pared to the control without LPS; #P<0.05; 
###P<0.001, compared to the control with LPS. The 

blot is representative of 3 similar blots. iNOS=135 

kDa and COX-2=69 kDa 



 

 

51 Marcelo D. Catarino 

September 2015 

The results depicted in figure 21 demonstrated that pre-treatment of RAW 264.7 with 

100 µg/mL of GRS extract did not decrease the protein levels of the enzymes.  

4.4  Identification and quantification of phenolic constituents from E. africanus and 

G. robertianum 

 The hydroethanolic EAS and EAL extracts represented 15 and 13% of the dried plant 

material, respectively while the correspondent extracts from G. robertianum accounted for 18 

and 15% of dried stems and leaves of the plant, respectively.  

The results obtained from Folin – Ciocalteu 

method revealed that the total amount of phenol-

ics recovered for E. africanus was higher in stems 

(321 mg GAE/g of dry material) than for leaves 

(171 mg GAE/g of dry material), while G. roberti-

anum exhibited a reversed panorama with higher 

recovery of phenolic compounds in the leaves ex-

tract (462 mg GAE/g of dry material) with regard 

to that of stems (194 mg GAE/g of dry material) 

(fig. 22). Looking from an overall perspective, 

these results indicate that, despite both plants 

are rich in phenolic compounds, G. robertianum 

as a whole plant clearly stands out when com-

pared to E. africanus. 

Overall, the HPLC–DAD–MSn analysis allowed to conclude that, despite the variances 

in the peak intensities, both leaves and stems extracts of each plant demonstrated similar 

chromatographic profiles between each other, i.e., the composition of the leaves extracs were 

similar to that of the stems extracts within the same plant. 

E. africanus extracts were particularly enriched in mono- and dicaffeoylquinic acids which 

accounted for approximately 90% and 74% of the total quantified phenolics for stems and 

leaves, respectively. On the other hand, G. robertianum extracts were more abundant in gallic 

and ellagic acid derivatives.  

The chromatographic profiles for the two plants can be consulted in figures 23 and 24, 

and in the tables 4 and 5, respectively. A more detailed description of their phenolic compo-

sition will be further discussed in below. 

FIGURE 22 – Quantification of the total phe-

nolic content on E. africanus leaves and stems 

(EAL and EAS, respectively) and G. robertianum 

leaves and stems extracts (GRL and GRS, re-

spectively). Statistical analysis was performed 

by one-way ANOVA, followed by Tukey’s 

post-hoc test. ***P<0.001; **P<0.01, compared 

to GRL.  Data represent mean ± SEM of 3 in-

dependent assays. 
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4.4.1   Phenolic constituents in E. africanus extracts 

Seven distinct caffeic acid derivatives were detected in the hydroethanolic extracts of 

stems and leaves of E. africanus, constituting the majority of the identified compounds (fig. 23 

and table 4). These compounds eluted at 9.7, 13.4, 20.9, 21.9, 22.9, 24.0 and 24.9 min showed 

characteristic UV spectra consistent to that described for caffeic and caffeoylquinic acid deriv-

atives (Schütz et al., 2004; Weisz, Kammerer & Carle, 2009). Of those, the major representa-

tive constituents of both extracts were eluted at 13.4 and 24.0 min, respectively. 

 

FIGURE 23 – Chromatographic profile of E. africanus hydroethanolic extracts at 280 nm. Chromatogram corre-

sponding to stems extract is represented in bold lines, while the thin lines represent the chromatogram corre-

sponding to the leaves extract. QA – quinic acid; PCA-hex – protocatechuic acid-hexoside; 1-CQA – 1-

caffeoylquinic acid; FA-der – ferulic acid derivative; ERD-hexa – eriodictyol-hexuronide; CA-der – caffeic acid 

derivative; 3,4-diCQA – 3,4-dicaffeoylquinic acid, 3,5-diCQA – 3,5-dicaffeoylquinic acid; 4,5-diCQA – 4,5-

dicaffeoylquinic acid; ERD – eriodictyol.  

The compound eluting at 13.4 min was identified as a mono-caffeoylquinic acid and was 

assigned to chlorogenic acid i.e., 3-O-caffeoylquinic acid, since its retention time, MS data and 

corresponding MS2 fragmentation pattern were in agreement with that of the standard com-

pound. Notably, for both E. africanus extracts, 3-O-caffeoylquinic acid represented approxi-

mately 17% of the quantified phenolics and its total recovery was similar for stems and leaves 

(7.3 ± 0.1 and 6.9 ± 0.3 mg/g dried stems and leaves, respectively), thus suggesting that this 

phenolic compound is equally distributed in these two plant organs. In turn, the isomeric form 

of this compound, i.e. 1-caffeoylquinic acid (with retention time of 9.7 min), was only detected 

as a minor constituent in both extracts with slight prevalence in the stems. 

The other prevalent caffeoylquinic acid derivative (eluted at 24.0 min) was highly re-

covered from the EAS extract (19.4 ± 0.2 mg/g dried plant material) than from the EAL extract 

(16.3 ± 0.1 mg/g dried plant material). The ESI-MS spectrum of this compound revealed a base 

peak at m/z 515, with a main MS2 product ion at m/z 353 (−162 Da, loss of caffeoyl moiety), 

which in turn showed main fragments on MS3 spectrum at m/z 191 (−162 Da, loss of other 

caffeoyl moiety), and at m/z 135. According to this features, this compound was assigned as 
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3,5-dicaffeoylquinic acid which together with two other dicaffeoylquinic isomers (MW 516 Da) 

that eluted at 22.9 and 24.9 min, accounted for about 71% and 56% of the total quantified 

phenolics in the hydroethanolic extracts of stems and leaves, respectively. The UV–vis spec-

trum of these two other compounds, as well as the fragmentation pattern of its molecular ion 

at m/z 515 and the corresponding MS2 pattern (which showed a base peak ion at m/z 353), 

was similar to that of 3,5-dicaffeoylquinic acid. However, differences were evident on the 

HPLC retention times and MS3 fragmentation patterns. Both MS3 spectra of the ion at m/z 353 

eluting at 22.9 and 24.9 min showed a base peak ion at m/z 173, which indicates the presence 

of a caffeoyl moiety bonded to quinic acid at the position 4 (Clifford et al., 2003). It is also 

known that, among the three dicaffeoylquinic acid isomers that exist in nature with this feature 

(3,4-diCQA, 1,4-diCQA and 4,5-diCQA), both 1,4-diCQA and 4,5-diCQA elute after 3,5-

diCQA under HPLC reversed-phase conditions (Clifford et al., 2003; Schütz et al., 2004; Weisz, 

Kammerer & Carle, 2009). Moreover, 1,4-diCQA is the only one showing the product ions 

at m/z 299, m/z 203 and m/z 255 in the MS2 spectrum of the ion at m/z 353 (Clifford, Knight 

& Kuhnert, 2005). By these reasons, the compound detected at 24.9 min could be assigned to 

1,4-diCQA. On the other hand, the compound eluting at 22.9 min was identified as 3,4-diCQA, 

since it eluted before 3,5-diCQA, such as described in the literature for HPLC reversed-phase 

conditions (Schütz et al., 2004). The concentrations of the above identified diCQA isomers 

(3,4-diCQA and 1,4-diCQA) were similar within the same extract, yet, their overall recovery 

was higher in the stems extract (5.6 ± 0.2 and 5.4 ± 0.1 mg/g dried stems, respectively) than 

that in the leaves (4.0 ± 0.2 and 3.7 ± 0.1 mg/g dried leaves, respectively). 

Notably, E. africanus extracts also contained two caffeoyl-hexuronide derivatives (with 

retention times of 20.9 and 21.9 min), which were substantially abundant in the EAL extract 

(1.6 ± 0.1 and 1.1 ± 0.0 mg/g dried plant material, respectively), while only vestigial amounts 

of these compounds were found in the EAS extract. Both compounds had a molecular ion of 

518 Da and possessed equivalent UV–vis and fragmentation patterns on MSn analysis. In par-

ticular, the base peak ion in the MS2 spectrum was observed at m/z 355 (−162 Da, i.e., equiv-

alent to the loss of a caffeoyl moiety or of a hexose). Moreover, the MS3 spectrum of the latter 

ion corroborated the hypothesis of a caffeoyl-hexuronide derivative, as characteristic fragment 

ions of caffeic acid (at m/z 179 and m/z 135) and of an hexuronide acid (at m/z 175 and m/z 113) 

were registered (Bastos, Saldanha & Catharino, 2007; Gu, Zhong & Chen, 1999).
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Hence, albeit the overall structural information of these two isomers could not be 

achieved, the gathered information allow to conclude that these are caffeoyl-hexuronide with 

an additional caffeic acid and/or hexose moiety. 

Besides the caffeic acid derivatives, other phenolic compounds were detected in low 

amounts in the hydroethanolic extracts of E. africanus. These included protocatechuic acid-

hexoside ([M−H]− at m/z 315, eluted at 5.3 min) and a ferulic acid derivative 

([M−H]− at m/z 560, eluted at 15.6 min) that overall accounted for 1.9 mg/g of dried stem and 

only appeared as vestigial components in leaves. 

Flavonoids in E. africanus only comprised flavanones. Of these, hesperetin (co-eluted at 

24.0 min) and eriodictyol (eluted at 28.4 min) were detected as minor components in the 

extracts of the two plant organs. The most representative flavanone eluted at 19.9 min and 

was assigned to eriodictyol-O-hexuronide since its MS data and fragmentation profile were 

consistent to those reported in the literature (Manach et al., 2004; Pereira et al., 2013). Inter-

estingly, its abundance was clearly more pronounced in the EAL extract with regard to that of 

EAS extract (7.8 ± 0.1 and 1.6 ± 0.1 mg/g dried material, respectively).  

4.4.2   Phenolic constituents of G. robertianum extracts 

Nine compounds have been identified in G. robertianum extracts, wherein five were as-

signed to ellagic acid and ellagitannin derivatives. These compounds eluted at 10.2 (co-eluted 

with chlorogenic acid), 16.5, 17.4, 20.4 and 33.9 min, and together constitute the majority of 

the identified compounds in these samples (fig. 24, table 5) 

 

FIGURE 24 – Chromatographic profile of G. robertianum hydroethanolic extracts at 280 nm. Chromato-

gram corresponding to stems extract is represented in bold lines, while the thin lines represent the chromato-

gram corresponding to the leaves extract. DOPAC – 3,4-dihydroxyphenylacetic acid; GA – gallic acid; CQA – 

caffeoylquinic acid; ET-der – ellagitannin derivative; G-HHDP-hex – Galloyl-HHDP-hexoside; BCA – brevifolin 

carboxylic acid; EA – ellagic acid.  
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The compound eluted at 33.9 min was easily identified as ellagic acid since it eluted with 

high percentages of acetonitrile and its UV spectra together with the MS fragmentation pat-

terns  were in agreement to literature data (Fischer, Carle & Kammerer, 2011; Lee, Johnson 

& Talcott, 2005; Meyers, Swiecki & Mitchell, 2006). Galloyl-HHDP-hexoside has also been 

detected in G. robertianum extracts. In fact, this compound was detected at two different elut-

ing times, the first co-eluted at 10.2 min and the second at 17.4 min, which indicates that they 

are two isomeric forms of the same compound. 

The fragmentation of these two compounds (base peak at m/z 633) have released the 

fragment at m/z 301 that typically indicates the presence of ellagic acid. Moreover, the frag-

mentation pattern as well as the UV spectra of these compounds are consistent to previous 

reports (Fischer, Carle & Kammerer, 2011; Mena et al., 2012).  

The two remaining ellagitannin derivatives were eluted at 16.5 and 20.4 min. Although 

the exact identification of these compounds was not achieved, the MS2 fragmentation revealed 

the presence of the fragment at m/z 301 indicating the presence of ellagic acid. Besides, looking 

at the UV spectra of these compounds it is possible to note a similarity to that of the ellagic 

acid (Fracassetti et al., 2013; Mullen et al., 2003).  

 

Notably, the compounds eluting at 7.0 and 18.1 min have also shown to be expressive 

in the G. robertianum extracts. The former revealed a UV/vis maxima at 172 nm and its full MS 

spectrum showed a base peak at m/z 169. Moreover, the product ion at m/z 125 (loss of 

carboxylic acid moiety) was obtained in the tandem fragmentation. Comparing this results with 

the data in the literature it is possible to clearly identify this compound as gallic acid (Lee, 

Johnson & Talcott, 2005). On the other hand, the fragmentation of the compound eluted at 

TABLE 5 – Identification of LC-DAD-ESI/MSn data of the most relevant fractions from the extracts 

of G. robertianum. 

RT (min) λmax 
Compound 

(MW) 

Main fragment 

ESI- MSn Compound 

5.5 285 168 MS2[167]:  123 3,4-Dihydroxyphenylacetic acid 

7.0 272 170 MS2[169]: 125 Gallic acid 

10.2 220, 325 354 
MS2[353]: 191, 179, 135 Caffeoylquinic acid 

634 MS2[633]: 301, 463 Galloyl-HHDP- hexoside 

16.5 274 485 MS2[484]: 462, 169 

MS3[462]: 440, 169, 301, 364, 247 
Ellagitanin derivative 

17.4 267 634 MS2[633]: 301, 463, 419 Galloyl-HHDP- hexoside 

18.1 277, 355 292 
MS2[291]: 247 Brevifolin carboxilic acid 

20.4 279 463 MS2[462]: 453, 415, 169, 301 Ellagitannin derivative 

33.9 279 302 
MS2[301]:257, 133, 284, 185 Ellagic acid 
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18.1 min (base peak at m/z 291) originated a fragment ion at m/z 247 (again loss of carboxylic 

acid moiety) which is characteristic to that of brevifolin carboxylic acid (Antonia Alvarez-

Fernadez et al., 2015). Moreover the UV/vis maxima at 277 and 355 nm is also in agreement 

to what has been described for this compound (He & Xia, 2007).  

Interestingly, caffeoylquinic acid was also present in the G. robertianum extracts 

([M−H]− at m/z 353, eluted at 10.2 min). However this compound, together with the 3,4-dihy-

droxyphenylacetic acid ([M−H]− at m/z 168, eluted at 5.5 min) were only found in minor amounts. 
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5 DISCUSSION 

Because of the health benefits that have been attributed to E. africanus and G. robertianum, 

these two plants have been traditionally used in the folk medicine for the treatment of several 

ailments. In this study, the cytotoxicity, antioxidant and anti-inflammatory properties of hy-

droethanolic extracts from these two plants were investigated, along with their phenolic com-

position, in order to disclose its potential for therapeutic and/or nutraceutical purposes. 

The antioxidant abilities of leaves and stems extracts from both plant species were eval-

uated for their scavenging and reducing capacities, as well as the protective effects towards 

oxidative degradation of lipids or fluorescein.  

In a general perspective, GRL extract was clearly the most promising sample regarding 

to the antioxidant abilities, showing low IC50 values in DPPH●, ABTS●+ and particularly in OH● 

scavenging assays (7.6±0.6, 3.9±0.6 and 45.1±2.4 μg/mL, respectively). In fact, in the latter 

assay its effect was even better than that of the standard compound (196.2±16.4). The GRS 

extract also demonstrated significantly good radical scavenging effects in these three assays, 

followed by the EAS extract. Opposing to GRL extract, the EAL extract was undoubtedly the 

one with the worst scavenging abilities, registering the highest IC50 values for all the three 

assays (30.4±1.7, 17.2±1.6 and 214.2±37.5 μg/mL for DPPH●, ABTS●+and OH●, respectively). 

Despite this, it is of noteworthy that the DPPH● scavenging activity herein estimated for the 

EAL extract was better than that previously reported by Njenga & Viljoen (2006) for the 

acetone extracts of E. africanus (IC50 values ranging from 38 to 50 μg/mL).  

According to the HPLC–DAD–MSn analysis, E. africanus extracts were enriched in 

caffeoylquinic acids (which accounted for approximately 90% and 74% of the quantified com-

pounds in stems and leaves, respectively), while ellagitannins were the major compounds iden-

tified in G. robertianum extracts. It is worth noting that either chlorogenic acids or ellagitannins 

have proven strong antiradical activities (Hagerman et al., 1998; Park, 2013) and hence, it is 

probable that these compounds are important contributing players for the overall activity ev-

idenced in the present study. The herein gathered results also corroborate the relevance of 

phenolic compounds in the extracts’ antiradical activities since the most promising sample, i.e., 

the GRL extract, was the most enriched in phenolic compounds (462 mg GAE/g of dry mate-

rial), while the least active sample, i.e., EAL extract, was the poorest one (171 mg GAE/g of 

dry material).  

Notwithstanding, this straight correlation between the phenolic content and antioxidant 

activity was not so evidenced in TBARS and ORAC assays for the two plants. E.g. in the first 

method, EAL extracts revealed better activity than that of the EAS extract, despite its poverty 
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in phenolic compounds with respect to the latter extract (268.6±45.9 against 416.1±237 

μg/mL). Also, the EAS extract, which is less enriched in phenolic compounds than GRL, was 

undoubtedly the sample that more effectively protected fluorescein from the oxidative dam-

age, revealing an ORAC value that represents approximately twice of the antioxidant potential 

of the remaining samples. These results suggest that other compounds that have not been 

considered (e.g. presence of non-phenolic compounds), could also contribute for the antioxi-

dant activities of these extracts. 

Another possible justification is that the different phenolic compounds present in each 

extract could be differently contributing for their antioxidant activities, since significant phe-

nolic differences have been encountered. According to the HPLC-MSn analysis, nine com-

pounds were identified in G. robertianum, from which the major six corresponded to ellagitan-

nins and respective basic units (gallic, ellagic and brevifolin carboxylic acids). The two remaining 

minor compounds were identified as caffeoylquinic acid and 3,4-dihydroxyphenylacetic acid. 

No flavonoids were detected in the extracts from this plant. On the other hand, twelve peaks 

have been identified in the E. africanus extracts, and seven of them matched with caffeoylquinic 

acid derivatives. Other phenolic acids, namely protocatechuic and ferulic acids were also pre-

sent in minor quantities, and the only flavonoids identified were hesperetin and eriodictyol 

derivatives, both belonging to the flavanones group. The presence of flavonoids were more 

expressive in the EAL extract than in the stems, mainly as eriodictiol-O-hexuronide. Consid-

ering that eriodictyol has been reported previously as an effective inhibitor of TBARS (Areias 

et al., 2001), it is possible that the EAL extract enrichment in a derivative of this flavanone with 

respect to the EAS extract can contribute for its stronger effects on TBARS assay.  

Likewise, correlation between high caffeoylquinic acids content and good ORAC values 

have already been reported previously (Kayano et al., 2002; Mullen et al., 2011). In fact, strong 

ORAC results have also been described for the chlorogenic acids rather than for ellagic acid 

and ellagitannins, such as galloyl-HDDP or brevifolin (Ishimoto et al., 2012). Since the EAS 

extract is particularly enriched with this type of compounds, this could be a possible explana-

tion for the results obtained in ORAC assay. However, EAL extract that is also abundant in 

chlorogenic acids, did not revealed as good results as the stems extract, meaning that these 

compounds are not the only explanation for the effects on ORAC assay. In this case, it is 

probable that other non-phenolic compounds not identified in the EAS extract may also ac-

count for this result. 

Among all antioxidant assays, FRAP was the one for which all the samples revealed the 

weakest results. Both GRL and EAS extracts simultaneously demonstrated superior ferrous 
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ion reducing capacity compared to the remaining samples. Still these results fall a little short 

when compared to BHT, indicating that reducing heavy metals might not be the primary path-

way for their antioxidant properties. 

NO● is one of the many chemical mediators produced by the cells of the immune system 

upon an inflammatory state, thus, inhibition of this radical counteracts the inflammatory pro-

cess (Cardoso et al., 2014). Therefore, testing samples ability to scavenge chemically-generated 

NO● is very useful approach not only for evaluating their antioxidant properties, but also as a 

primary screening of their potential anti-inflammatory capacities. The results have shown that 

both G. robertianum extracts were potent scavengers of NO●, with IC50 values 14 and 12 times 

lower (20.0±0.9 and 24.2±8.0 μg/mL for GRL and GRS, respectively) than that of the standard 

compound (285.7±15.4 μg/mL). On the other hand, the results obtained for E. africanus ex-

tracts were not so prominent since both extracts revealed approximately twice the IC50 values 

of ascorbic acid (526.4±22.5 and 538.6±16.4 μg/mL for EAL and EAS extracts, respectively). 

According to the literature, the scavenging effects of ellagic acid over NO● are stronger than 

those of chlorogenic acid (Rodrigues, Toledo Benassi & Bragagnolo, 2014; Srivastava, Jagan 

Mohan Rao & Shivanandappa, 2007) and hence this fact can partly explain the results herein 

described.  

As the overall perspective, antioxidant assays pointed EAL extract as the least promising 

sample and because of that, it was then excluded from the subsequent assays. 

Due to the functional features of the liver and their role in the metabolic elimination of 

xenobiotics, the evaluation of potential hepatotoxicity represents a critical step for attesting 

the safety of the samples in study (Gómez-Lechón et al., 2010). In this context, the cell viability 

of human hepatic cell line HepG-2 treated with EAL, GRL and GRS extracts was evaluated, 

and the results revealed that no significant cytotoxic effects were exhibited for any of the 

concentrations tested (25 – 100 μg/mL for G. robertianum extracts and 50 – 200 μg/mL for 

EAS extract), thus attesting the safety profile of the extracts studied. 

Since scientific data regarding the potential anti-inflammatory activities of E. africanus and 

G. robertianum are scarce, this work also investigated the potential benefic effects of these two 

plant extracts in inflammatory conditions. In this context, it was assessed whether these three 

extracts could interfere with the activity of isolated 5-LOX. Very promising inhibitory effects 

were obtained for G. robertianum extracts, which were able to inhibit approximately 65% of 

this enzyme activity at 75 μg/mL, while for the same concentration, the EAS extract only re-

tarded the enzyme activity by about 30%.  
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Notably, it has been previously demonstrated that chlorogenic acids (at 20 μM) have no 

effects over 5-LOX. However, compounds like protocatechuic acid (at 20 μM), ferulic acid (at 

50 μM) and eriodictyol (at 40 μM) were shown to be potent inhibitors of this enzyme (Lee et 

al., 2010; Maqsood & Benjakul, 2010; Ribeiro et al., 2014). Therefore, despite these three 

compounds are only present in minor concentrations, their combined activities could contrib-

ute for the slight inhibitory activity of EAS extracts over 5-LOX. Still, this hypothesis needs to 

be confirmed. 

On the other hand, the effects of isolated ellagic and gallic acids on lipoxygenase are still 

poorly described. Several gallic acid derivatives have been reported as strong inhibitors of this 

enzyme (Richard-Forget et al., 1995). Moreover, various extracts from different pomegranate 

flowers, which are particularly enriched in gallic and ellagic acid compounds, have also revealed 

promising effects on LOX activity (Bekir et al., 2013). Therefore, it is reasonable to assume 

that these compounds might be responsible for the G. robertianum extracts effects over 5-

LOX, although with this limited information it is not possible to clearly confirm this hypothesis. 

Thus, it would be necessary to test gallic and ellagic acids separately or alternatively, different 

extract fractions that correspond to the various compounds identified in G. robertianum ex-

tracts, in order to understand the contribution of the individual compounds and/or possible 

synergies on the inhibitory effects of these extracts against 5-LOX activity. 

It is worth noting that this is the first time that G. robertianum extracts are described as 

inhibitors of 5-LOX activity. In turn, E. africanus has already been described as moderate in-

hibitor of this enzyme, but only essential oils were tested in that study (Njenga & Viljoen, 

2006).  

Taking this results into account, it is conceivable to suggest that G. robertianum extracts 

could be thought as potential pharmacological tools for the treatment of inflammatory disor-

ders in which lipoxygenase plays a crucial role, including asthma, rheumatoid arthritis or in-

flammatory bowel disease. 

Both chlorogenic and ellagic acids, as well as some of their derivatives, have been previ-

ously reported for their promising effects as anti-inflammatory agents, namely through inhibi-

tion of iNOS and NO● release, COX-2 and even NF-κB (Umesalma & Sudhandiran, 2010; 

Zhang et al., 2010). Moreover, given the results obtained in the chemical scavenging of NO●, 

particularly for the G. robertianum extracts, it was expected that these samples would demon-

strate anti-inflammatory potential in biological systems, namely in RAW 264.7 cells. However, 

EAS extract showed no evident inhibitory effect on nitrite production by macrophages up to 

concentrations of 50 – 200 μg/mL. Despite this, it is interesting to note that macrophages 
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treatment with EAS extract potentiated the cell metabolism of non-stimulated cells at the 

concentrations of 50 and 75 μg/mL. This could mean an increase on the mitochondrial activity 

or increased cell proliferation, which would be interesting to exploit for tissue regeneration 

purposes. Either way, further studies would be necessary to exploit this possibility. 

On the other hand, G. robertianum extracts showed a relevant inhibitory effect for the 

highest concentration (100 μg/mL) on the nitrites levels in LPS-stimulated macrophages. How-

ever, for the GRL extract, this treatment also induced a decrease in cell viability of about 30% 

and hence the observed decrement of nitrite levels are probably due to cell death instead of 

an anti-inflammatory effect. Still note that as no toxic effect was registered for the treatment 

of non-stimulated macrophages with GRL, the results suggest that this extract for itself at 100 

μg/mL does not induce toxicity in the cells, but instead it might potentiate the toxicity of LPS. 

The GRS extract was the only sample that reduced NO● levels in RAW 264.7 without 

decreasing cells viability and therefore, in an attempt to disclose the molecular mechanisms 

behind its anti-inflammatory activity, the expression of iNOS and COX-2 enzymes were fur-

ther analyzed by Western blot. 

Previous studies have reported that ellagic acid was able to reduce the expression of 

both COX-2 and iNOS and even NF-κB in different in vitro and in vivo models (Larrosa et al., 

2010; Mansouri et al., 2015; Umesalma & Sudhandiran, 2010). Therefore, it was expected that 

the GRS extract would exhibit similar results on RAW 264.7 cells. However, data obtained in 

this study showed that macrophages treatment with GRS extract at 100 μg/mL did not change 

the levels of iNOS. A possible justification is that the interactions between the compounds in 

the extract might be neutralizing the effects of ellagic acid, or alternatively the concentration 

that was added to the medium was insufficient to exert the desirable effects. It is worth noting 

that despite not influencing iNOS levels, the GRS extract was still able to decrease NO● levels 

in LPS-activated macrophages. This indicates that, at 100 μg/mL, this sample possesses anti-

inflammatory potential through the scavenging of free radicals.  

All the gathered data suggest that, given the antioxidant effects demonstrated by both 

plants, they could be used as nutraceutical ingredients to enrich the basic nutritional food 

dietary with additional nutrients that would provide extra benefits to protect from the nega-

tive effects of the oxidative stress that humans are frequently subject. However, it is important 

to point out that chemical models herein used are far to accurately reproduce the effects that 

these samples might have in a biological environment. Therefore, the results presented in this 

work may only be considered as a primary screening for the samples antioxidant potential. To 

further corroborate this data, it would be highly desirable to perform additional biological 
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studies such as testing the samples in in vitro systems and even in in vivo animal models that 

clearly provide results closer to the reality. 

Likewise, the effects on 5-LOX activity indicate that there is a strong potential for the 

G. robertianum extracts to be used as anti-inflammatory agents targeting this enzyme. Still, once 

again, further studies in in vitro/in vivo models are necessary to validate the herein presented 

results. 

Regarding to the effects on the NO● production, only G. robertianum extracts exhibited 

significant potential to inhibit the levels of this radical, but since GRL extract effects were 

correlated to cell death, only the results obtained for the GRS extract were considered rele-

vant. Notwithstanding, after confirming that this extract did not affect the levels of iNOS en-

zyme, it was concluded that its capacity to reduce the nitrite levels was resultant from its 

ability to scavenge this radical, which is once again an antioxidant skill. Furthermore, since all 

the extracts studied have shown potent antioxidant abilities, evaluation of the intracellular 

production of ROS would be another possible approach to explore the beneficial effects that 

are attributed to these plants. 
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6 CONCLUSIONS AND FUTURE PERSPECTIVES 

The main goal of this study was to evaluate the antioxidant, anti-inflammatory and safety 

profile of E. africanus and G. robertianum hydroethanolic extracts, as well as to characterize 

their phenolic constituents in order to understand if there is potential for exploitation of these 

two plants as possible therapeutic and/or nutraceutical agents. 

The antioxidant evaluation of the leaves and stems of Eriocephalus africanus (EAL and 

EAS, repectively) and Geranium robertianum (GRL and GRS, respectively) was carried out 

through DPPH●, ABTS●+, OH●, FRAP, TBARS, NO● and ORAC assays. It was observed that 

GRL extract exhibited the best scavenging abilities revealing IC50 values of 7.6±0.6, 3.9±0.6, 

45.1±2.4, 63.3±5.4 and 115.8±16.1 μg/mL for DPPH●, ABTS●+, OH●, FRAP and TBARS assays 

respectively. The exception was in the ORAC assay where the EAS extract revealed the 

strongest antioxidant capacity (4.01±0.3 μM TE). EAL extract was shown to be the less prom-

ising sample amongst the four tested.  

When tested for their ability to scavenge the chemical generated NO●, both G. roberti-

anum extracts revealed remarkable results (20.0±0.9 and 24.2±8.0 μg/mL for GRL and GRS, 

respectively), indicating that, in a primary approach, these two extracts might possess strong 

anti-inflammatory abilities. 

Since these plant extracts are intended to be used in human diet, their possible hepa-

totoxicity was also tested. For that, HepG-2, a human hepatocyte cell line, was cultured with 

different concentrations of the plant extracts (25 – 100 μg/mL and 50 – 200 μg/mL for G. 

robertianum and EAS extracts, respectively) but none revealed cytotoxic effects.  

The anti-inflammatory effects of the samples were then evaluated through the inhibi-

tion of the 5-LOX activity as well as of nitrite production by RAW 264.7 macrophages. More-

over, the extract that revealed the most promising effects was also evaluated for its ability to 

inhibit intracellular iNOS and COX-2 expression through Western blot analysis. 

Both G. robertianum extracts revealed remarkable effect towards 5-LOX, inhibiting ap-

proximately 65% of its activity and hence, these results suggested that the extracts could be 

exploited as possible therapeutic agents targeting this enzyme. GRS extract at 100 μg/mL also 

caused relevant inhibitory effects on nitrites production by RAW 264.7 cells. The fact that this 

extract did not interfered with the levels of intracellular iNOS indicates that the decreased 

NO● levels were resultant from the extract ability to scavenge these radicals rather than in-

hibiting the enzyme expression that is responsible for its production. Figure 25 resumes sche-

matically where this extract acts during the inflammatory process. 
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FIGURE 25 – Proposed protective mechanisms of GRS in oxidative-stress and inflammatory events. The oxi-

dative stress stimulus trigger the activation of nuclear factor κB (NF-κB) that translocates to the nucleus where 

it enhances the transcription of various pro-oxidant and pro-inflammatory mediators genes including those of 

the enzymes nicotinamide adenine dinucleotide phosphate oxidase (NOX), xanthine oxidase (XOX), cyclooxy-

genase-2 (COX-2), lipoxygenase (LOX), and inducible nitric oxide synthase (iNOS), as well as several cytokines 

and chemokines. The pro-oxidant enzymes together with mitochondrial activity will generate more reactive spe-

cies that will contribute for the increase of the oxidative stress. In the presence of the GRS extract the reactive 

species are neutralized attenuating the oxidative stress condition. In turn, the three pro-inflammatory enzymes 

produce prostaglandins (PGE2) leukotrientes (LT4) and nitric oxide that are released in the extracellular space 

together with various cytokines and chemokines propagating the inflammation by transducing the signals to other 

cells. In presence of the GRS extract, the levels of nitric oxide produced by iNOS are reduced due to its ability 

to scavenge this radical. Likewise, the GRS extract interferes with the LOX activity reducing the release of 

leukotrienes to the extracellular space, contributing for the attenuation of the inflammatory event. 
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The total phenolic quantification of the four extracts demonstrated that GRL extract 

was the most phenolic enriched sample, while EAL extract was the poorest. Moreover, 

through HPLC-MSn analysis it was observed that the E. africanus extracts were more abundant 

in chlorogenic acids while G. robertianum had predominance of ellagic acid and ellagitannins. 

A close correlation between the antioxidant activities and the total phenolic content 

was noted, though there was some exceptions. E.g. in the TBARS assay the EAL extract was 

slightly better than the EAS extract (268.6±45.9 against 416.1±237 μg/mL, respectively) which 

could be partially related to its higher content in eriodictyol-hexuronide, and the EAS extract 

was better than the others in the ORAC assay, which might be explained not only by its 

abundance in chlorogenic acids but also by the presence of other non-phenolic compounds 

that have not been considered in this study. Moreover, the abudance of G. robertianum in ellagic 

acid might contribute to the remarkable effects of these extracts on the chemical generated 

NO● scavenging assay. However, against what was expected, the GRL was unable to repro-

duce that effect on RAW 264.7 macrophages, while the GRS extract could induce a significant 

decrease of this radical but was ineffective in inhibiting the iNOS and COX-2 expressions. In 

order to confirm the in vitro anti-inflammatory activity of the GRS extract other pro-inflam-

matory mediators and signaling pathways should be addressed, namely cytokines, NF-κB tran-

scription factor and mitogen-activated protein kinases (MAPKs). 

Overall, these results demonstrate that there is some potential for these extracts to 

be exploited as therapeutic agents mainly due to their antioxidant properties. However, it is 

of utmost importance to evaluate their properties in biological models in order to better 

comprehend their behavior in more physiological environments. Likewise, as very promising 

effects were shown for G. robertianum in 5-LOX activity, it would be interesting to investigate 

in the future which compounds in the extracts better contribute for these results, as well as 

the type of pharmacological inhibition that is exerted over the enzyme in biological systems, 

i.e., if it is competitive, non-competitive or mixed inhibition. Moreover, despite E. africanus 

extracts did not show relevant effects in nitrites production by RAW 264.7, they demon-

strated to somehow stimulate their metabolism. Therefore, it would be interesting to test 

higher concentrations of these samples for their anti-inflammatory properties, or alternatively, 

test their effects on other intracellular signaling cascades responsible for cell proliferation and 

survival such as the mitogen activated protein kinase signaling cascade. 
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